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HAY IN ITS RELATION TO SPONTANEOUS IGNITION ! 
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and Engineering, United States Department of Agriculture 


INTRODUCTION 


In a previous investigation (3) ? it was found that the oxidation of 
natural undercured alfalfa hay in air at temperatures of approximately 
77° to 80° C. was accompanied by a consumption of oxygen in excess 
of the carbon dioxide formed. This fact was attributed to the 
probable production by heat and chemical action of unsaturated or 
easily oxidizable substances that were destroyed at once by oxidation 
without the production of carbon dioxide. On the other hand, the 
oxidation of undercured alfalfa that had undergone spontaneous heat- 
ing in the mow resulted in a much smaller loss of oxygen and generally 
in a production of carbon dioxide greater than the loss of oxygen. 
This smaller consumption of oxygen was ascribed to the losses of 
organic matter that occur during spontaneous heating and to the 
previous oxidation in the mow of any unsaturated substances that 
might have been formed. 

Since these oxidations were conducted under conditions that pre- 
cluded the possibility of activity by micro-organisms, the conclusion 
was formed that a consumption of oxygen greater than the production 
of carbon dioxide in the haymow undergoing spontaneous heating was 
evidence of chemical oxidation, while the production of carbon dioxide 
in amounts equal to or greater than the oxygen consumed was ascribed 
to biological action. The results of the analysis of numerous samples 
of gas collected from heating haymows interpreted on the basis of this 
distinction between chemical and biological activity indicated that 
along with the operation of biological agencies in the heating haymow 
there occurs also a purely chemical oxidation, shown by a loss of 
oxygen considerably in excess of the carbon dioxide formed, and that 
this chemical oxidation is more marked beyond the temperature range 
usually ascribed to the activity of micro-organisms. This conclusion 
was found to be in agreement with that of Haldane and Makgill (2), 
who had previously determined the rates of absorption of oxygen and 
liberation of carbon dioxide in wetted hay at different temperatures by 
a different procedure. 

It was fully recognized that the hypothesis of the production of 
unsaturated substances in the laboratory oxidation experiments by a 
purely chemical process and in the heating haymow by chemical 
processes alone, by the’ action of micro-organisms alone, or by a com- 
bination of both agencies, required verification and that this verifica- 
tion could be accomplished conclusively only by the separation and 
identification of such substances. Furthermore, if further investiga- 
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tion should demonstrate that under the influence of heat supplied from 
external sources, with the exclusion of microbial activity, unsaturated 
products are in fact formed, the question would naturally arise whether 
or not chemical activity in the heating haymow may be due at least 
in part to the production by heat of unsaturated substances readily 
susceptible to oxidation, that is, whether the formation of these sub- 
stances may be the result of the heat of microbial action rather than 
the direct result of the activity of micro-organisms. 

The investigation reported in this paper was undertaken to obtain 
further evidence of the formation of unsaturated substances, without 
the intervention of micro-organisms, in undercured alfalfa hay 
subjected to heat in an inert atmosphere. 


PLAN OF THE INVESTIGATION 


Briefly stated, the investigation consisted in: (1) Determining the 
oxygen absorbed and the carbon dioxide formed in the heating of 
undercured alfalfa (Medicago sativa) hay in a definite volume of 
air at a temperature slightly above that at which micro-organisms 
exist; and (2) determining the same factors, under conditions as 
nearly as possible identical, for duplicate samples of the alfalfa after 
it had been heated in an atmosphere of nitrogen for an arbitrary 
length of time. The relative oxygen absorption and carbon dioxide 
formation thus determined were expected to show the effect on 
alfalfa of heating in an inert atmosphere. 


ALFALFA USED 


Alfalfa A—This was first-cutting alfalfa collected from the field 
nearly 3 years before and stored in large airtight fruit jars in a re- 
frigeration room at 30° F. When used, it contained 36.35 percent of 
moisture. Samples of 40 gm. each were used, equivalent to 25.46 
gm. of dry matter. The dry matter contained 7.42 percent of ash. 

Alfalfa B.—This was first-cutting alfalfa collected from the field 7 
months before and kept in large airtight fruit jars at 30° F. It 
contained 39.6 percent of moisture. The 40-gm. sample used was 
equivalent to 24.16 gm. of dry matter. The dry matter contained 
8.08 percent of ash. 

Alfalfa C_—This was first-cutting alfalfa collected from the field 
9 months before and kept in large airtight fruit jars at 30° F. until 
used. It contained 36.65 percent of moisture; 8.17 percent of ash, 
on the dry basis; and 25.34 gm. of dry matter per 40-gm. sample. 

Alfalfa D.—This was third-cutting alfalfa partly dried in the sun 
for 6 hours and then air-dried indoors for 16 hours to a moisture 
content of 42.41 percent. It had been stored in airtight jars in a 
refrigeration room at 20° F. for about 3 weeks before it was used. A 
40-gm. sample contained 23.04 gm. of dry matter. The dry matter 
had an ash content of 7.52 percent. 

Alfalfa E.—This was first-cutting alfalfa stored in a refrigeration 
room at 30° F. for approximately 2 years and 3 months before use. 
It contained 33.82 percent of moisture. A 40-gm. sample contained 
aa of dry matter, and the dry matter contained 8.13 percent 
of ash. 

my F—tThis was third-cutting alfalfa from the same lot as 
alfalfa D, but it was nearly 6 months older at the time of the experi- 
ment. It contained 40.10 percent of moisture. A 40-gm. sample 
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contained 23.96 gm. of dry matter, and the dry matter contained 
7.52 percent of ash. 


APPARATUS AND METHODS 


The apparatus in which these experiments were conducted was 
essentially the same as that used in the preceding laboratory oxidation 
experiments (3) with the exception of the improved constant-tempera- 
ture bath in which the oxidation flask and contents were heated. 
This bath, 40 cm. in diameter and 30 cm. deep, was provided with 
electric immersion heaters, a three-heat switch, and a mercury 
thermoregulator. In this bath the temperature of the heavy mineral 
oil surrounding the oxidation flask could be maintained constant to 
a few tenths of a degree. Inasmuch as the temperature of the samples 
of alfalfa and the air in the flask was always somewhat lower than 
the temperature of the bath, owing to the moisture in the samples, 
to attain the temperatures in the flask as recorded for the experiments 
it was necessary to maintain the temperatures of the bath approxi- 
mately 5° higher. 

The oxidation flasks varied slightly in capacity, but the same flask 
was used throughout a given experiment, except in one case, and in 
this the effect was apparently negligible. The enclosed volume of 
air or nitrogen, later referred to as the volume of the assembly, was 
that gas enclosed in the flask and connections between the stopcocks 
above the two mercury containers (3, fig. 3) at the time of closing the 
assembly, corrected for the volume occupied by the hay sample. 
This volume was corrected for aqueous tension, and this corrected 
volume was computed to the arbitrary standard conditions of 25° C. 
and 760-mm. pressure. Consequently, the original volume of gas 
given in table 1 varies somewhat in each of the several experiments. 
The capacity of the flasks ranged from 1,037 to 1,055 cc., while the 
volume of the assembly ranged from approximately 1,045 to 1,067 
cc. less the volume of the sample. 

A 40-gm. sample was placed loosely in the oxidation flask, and the 
flask was tightly closed by means of the rubber stopper carrying the 
thermometer, the condenser, and the capillary tube. The projecting 
end of the capillary tube and the upper end of the condenser tube were 
securely connected to their respective places in the assembly by means 
of tightly fitting rubber tubing of the best quality. In an oxidation 
operation, the heating was begun at once. When the temperature of 
the bath had risen to within a few degrees of the temperature at which 
it was to be maintained, the heating was continued only with the 
heating coil controlled by the thermoregulator. As the temperature 
rose, the air displaced by expansion was collected in the mercury 
container connected to the condenser tube, and throughout the 
period of heating the gas was maintained at atmospheric pressure. In 
approximately 1 hour the temperature selected for the initial temper- 
ature of the arbitrary period of heating, 4 hours in the comparative 
tests, was reached. The temperature rose in time to the maximum 
for the experiment, and more frequently than otherwise dropped 
slightly before the heating operation was completed. At the end 
of the 4-hour peroid of heating, the heater was cut off, and the bath 
was cooled as rapidly as possible to a temperature suitable for mixing 
and sampling the gas by the rapid passage of cold water through the 
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cooling coil provided for this purpose. Throughout the entire experi- 
ment the condenser tube connected with the flask was kept cold in 
~ to retain as constant as possible the moisture content of hay and 
flask. 

After the enclosed gas had been thoroughly mixed by passing it 
back and forth from one container to the other through the flask, 
sufficient gas was drawn into one of the containers for several analyses. 
Usually this reduced the pressure in the apparatus, but it did not 
cause any leaking, as proved by the constancy of the high degree of 
vacuum indicated on the manometer after the residual gas had finally 
cooled to room temperature. From the analysis of the gas after 
oxidation, the volume of this gas was computed on the basis of the 
volume of nitrogen in the original volume of air in the assembly, as 
were also the volumes of carbon dioxide and oxygen. This computa- 
tion provided the data necessary for the determination of total change 
in volume, carbon dioxide formed, and oxygen consumed. 

The carbon dioxide formed and the oxygen lost by the alfalfa under 
these conditions having thus been determined, a duplicate sample of the 
alfalfa was taken for preheating in the nitrogen. This nitrogen con- 
tained about 0.4 percent of oxygen, but inasmuch as the alfalfa samples 
all appeared to contain some enclosed air, and some of them perhaps 
also carbon dioxide, removal of the small proportion of oxygen from 
the nitrogen was not considered essential, as it would not have pro- 
duced an atmosphere entirely free from oxygen. Occlusion of air 
appears also to be responsible for the apparent increase in the oxygen 
content of the nitrogen in some of the experiments after preheating 
the alfalfa in it. The actual amounts of oxygen in the assembly as 
found by analysis are given in table 1. 

The air in the assembly containing the sample was displaced as 
completely as practicable by passage of a slow stream of nitrogen 
through the assembly for 10 to 12 hours, during which time cold 
water was passed rapidly through the condenser to prevent loss of 
moisture from the hay. Then an extra supply of nitrogen was 
collected in one of the mercury containers, which, when well mixed 
with the nitrogen in the assembly, was sufficient to provide an excess 
of the mixture for analysis. The assembly was then closed at atmos- 
pheric pressure, and the temperature of the enclosed gas was recorded. 

The operation of heating the hay in the nitrogen was then begun 
and continued for the desired length of time according to the procedure 
previously outlined for the oxidation operation. At the conclusion of 
this operation a portion of the gas mixture was drawn off for later 
analysis. Then the partial vacuum produced was relieved by the 
introduction of fresh nitrogen, and again nitrogen was passed through 
the assembly, for 2 to 3 hours, to reduce the carbon dioxide content 
and to increase the proportion of nitrogen. After this procedure an 
excess of nitrogen was introduced to provide as before for analysis 
of the mixture. From the results of this analysis was computed the 
volume of oxygen to be added to the volume of gas in the assembly, 
closed off under prevailing conditions of temperature and pressure, 
to bring the oxygen content of the resultant mixture to exactly 20.86 
percent. This volume of oxygen, measured under conditions of 
temperature and pressure identical with those of the gas in the as- 
sembly, was then added to and mixed well with the latter gas. The 
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assembly was again closed, and oxidation with the known volume of 
this synthetic air for the 4-hour period was conducted as previously 
described. Analysis and computations were also made as before. 

In experiments 1 to 5, inclusive, the three successvie operations 
outlined above were conducted in the following order: 

(a) Heating 40 gm. of the alfalfa for 4 hours in air. 

(6) Heating 40 gm. of the same alfalfa in nitrogen for 20 hours 
except in experiment 5. 

(c) Heating the product of operation (6) for 4 hours in air. 

Experiments 6 to 9, carried out in a similar manner, were designed 
to provide additional information regarding the effect of the several 
heating operations. 

Experiment 10 was designed to show the effect of the presence of 
small quantities of ammonia on the oxidation of hay. 


se a 
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RESULTS 


The results of the investigation are shown in table 1. In the second 

column of the table the temperature range for each oper ation is given. 

It will be noted that in experiments 1 to 5 the difference in maximum 
temperatures for operations (a) and (c) in four of the experiments 

ranged from 0.1° to 1.2°, while in one the difference was 2.7°. Inas- 

much as the bath temperature varied only slightly, the differences 

' must be attributed to changes in the alfalfa resulting from heating it 
: in nitrogen. The effect of this variation in maximum temperature is 
probably negligible in experiments 1, 3, and 4; it may have been of 

slight consequence in experiment 5; and most probably it influenced 
' the results in experiment 2. In both experiments 2 and 5 the effect 
| of the lower temperature in operation (c) undoubtedly was unfavorable 
to an increased oxygen consumption over the oxygen consumption 
in operation (a). 
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The results of the first five experiments all show that the ratio of 
carbon dioxide formed to oxygen absorbed was less in the samples 
previously subjected to heating in nitrogen, that is, it was less in (c) 
than in (a). The fact that the ratio of carbon dioxide formed to oxy- 
gen absorbed is greater than unity in experiments 1 (a) and 5 (a) no 
doubt is due to some decomposition, perhaps oxidation, during the 3 
and 2 years, respectively, in which the hay was kept in cold storage. 
Furthermore, with the possible exception of experiment 2, in which 
the conditions were unfavorable to increased oxidation, the results 
show definitely that the heating of the undercured alfalfa in an 
atmosphere of nitrogen caused an increase in its oxygen-absorption 
property. 

The oxidations in the first five experiments were conducted over a 
4-hour period. Experiment 8 shows a greatly increased oxidation and 
carbon dioxide production over a period of 20 hours. Experiment 9 
when compared with experiment 2 (involving the same alfalfa) shows 
the effect of heating in nitrogen for 50 hours instead of 20. 

In order to obtain information required for a better understanding 
of the results of experiment 4, and perhaps also of the results of the 
other experiments, experiments 6 and 7 were carried out as indicated. 
In experiment 6 the alfalfa was heated for only 4 hours in nitrogen and 
then for 4 hours in air. The result was an oxygen consumption less 
than that in experiment 4 (c) but practically the same as that in 
experiment 4 (a). Moreover, the total carbon dioxide formed in 
experiment 6 (6) and (c) was not much greater than that in experiment 
4 (a). It thus appears that the 4-hour heating in air in experiment 
4 (a) produced an effect on the alfalfa practically equivalent to the 
combined effect of the 4-hour heating in nitrogen followed by the 
4-hour heating in air, and in both cases the oxygen consumed was in 
excess of the carbon dioxide formed. These facts indicate that in the 
4-hour heating in air unsaturated substances were produced in amounts 
practically identical with those produced by the 4-hour heating in 
nitrogen followed by the 4-hour heating in air. In the former case 
these substances were oxidized almost simultaneously in the same 
operation in which they were produced. 

Since in experiment 6 (6), 23.22 cc. of carbon dioxide was formed in 
the 4-hour heating in nitrogen, approximately this volume of carbon 
dioxide may reasonably be assumed to be the result of heat decompo- 
sition in experiment 4 (a), leaving a difference (50.10—23.22) of 26.88 cc. 
of carbon dioxide to be accounted for at the expense of the oxygen 
consumed. 

In experiment 7, a duplicate sample of the alfalfa was heated for 
4 hours in nitrogen and then for an additional 4 hours in fresh nitrogen. 
In carbon dioxide production, operation (b) agreed closely with opera- 
tion (6) in experiment 6, while operation (c) yielded less than one-half 
as much carbon dioxide (11.12 cc.) The latter volume may reasonably 
be supposed to approximate the volume of carbon dioxide formed in 
experiment 4 (c) as the result of heat alone, independent of oxidation. 
But it must be emphasized that this is only an assumption, because in 
experiment 4 operation (c) had been preceded by a 20-hour heating in 
nitrogen, while in experiment 7 operation (c) had been preceded by 
only a 4-hour heating in nitrogen. However, on this assumption the 
difference between the carbon dioxide formed in experiment 4 (c) and 
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that in experiment 7 (c) (29.76-11.12) may be considered as carbon 
dioxide formed by an equal volume of oxygen. From the data thus 
derived a method is suggested for estimating the approximate volume 
of oxygen absorbed independent of carbon dioxide formed by oxidation 
in the respective operations of experiments 4 and 6. On the same 
assumption, similar relations may be pointed out in experiments 1, 2, 
3, and 5, although in these experiments the assumption is less warranted 
because alfalfa different from alfalfa D was used. Table 2 contains an 
abbreviated presentation of the pertinent contents of table 1 inter- 
preted on the basis of this assumption. 


TABLE 2.—I nlerpretation of pertinent data from table 1 
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| | | | formed | 
| Ozab-| CO2 | Os.ab- | at the | O2 ab- 
5 | sorbed | CO: -,| sorbed 
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Experiment No. P |25gm.|25gm.| Ratio | CSS | .PY | equal |OUt pro- 
and alfalfa used Heat treatment | of dry | of dry gE 2tol Relictee foe | volume waar 
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| | (B)— | 
| (A)- (C)= | (A)- 
(A) (B) (B) (C) (D) | (D) 
| Ce. ce) Ce. Ce. Ce. | Ce 
1, Alfalfa A: | | | 
4 hours in air = | 29.08 44. 57 1, 5382 |—15. 49 | 3 22. 50 22. 07 | 7.01 
(b)__...._.-.| 20 hours in nitrogen 3 3.81 | 41.27 a LE eee ; sake 
(ce)... | 4 hours in air___- 59. 38 | 36.93 .622 | 22.45} 411.12} 25.81 33. 57 
2, Alfalfa B: | | 
ee 4 hours in air_......--.-.-.| 60.20 | 5527] .918 4.93 | $22.50 | 32.77 27. 43 
a as 20 hours in nitrogen. _- +1.87 | 46.65 ne | dos 
1 SS AER Se 4 hours in air_____- | 60.06 | 31.58 -526 | 28.48 | 411.12} 20.46 39. 60 
3, Alfalfa C: | | 
are 4 hours in air. Te 46. 20 . 921 3.93 | 3 22.50 23.70 | 26. 43 
Le coas _...| 20 hours in nitrogen eA) MERC ONae sk bic tt awa octet Wie dls aed Waieon ae 
C).....-.....| €ROUBAN ait... . ne 63.65 | 35.93 . 564 27.72 | 411.12 24. 81 38. 84 
4, Alfalfa D: 
SE | 4 hours in air__- eels 58.15 | 50.10 . 862 8.05 | 322.50 | 27.60 30, 55 
|, i | 20 hours in nitrogen +2.77 | 46.50 Ay PS i 
(c) a | 4houra in air... ........ 63. 35 29. 76 . 470 33. 59 | 411.12 18. 64 44.71 
5, Alfalfa E: 
| eS | 4 hours in air . 51, 27 55. 84 1,089 | —4. 57 | 3 22. 50 33. 34 17. 93 
(Di 325} Siepireaenitrogets.. 31) Oe | aa ae fi 
| See | 4 hours in air___- . | 54.39 33. 16 -610 | 21.23 | 411.12 22. 04 32. 35 
6, Alfalfa D: | | | 
(a)—e x peri- | | | 
ment 4.___.| 4 hours in air_____- ----| 58.15 | 50.10 - 862 8.05 | 3 22.50 | 27.60 30. 55 
(bape eae | 4 hours in nitrogen .-| +2.28 | 23,22 | > | ab axeeceuleniacdes 
| SES | 4 hours in air. ______-.- | 58.04] 29.30} .505 28.74 | 411.12 18. 18 29. 86 
7, Alfalfa D: | | 
(Rae | 4 hours in nitrogen_____- TE TANS i, | Sa (eRe Dae, (aca 
Ee FC | 4 hours in nitroven.______- } Y te! 1 Sas | | beekes 





1 Plus sign indicates gain in volume. 

? Minus sign indicates CO: formed in excess of O2 absorbed. 
3 Mean of 6 (b) and 7 (b). 

4 From 7 (ce). 


In column 6 of table 2 are given the volumes of oxygen absorbed 
in excess of carbon dioxide formed. On the assumption that all 
carbon dioxide is produced at the expense of an equal volume of 
oxygen, these volumes become the volumes of oxygen absorbed 
without production of carbon dioxide, that is, the measure of the 
oxygen-absorption property of the alfalfa. 

The values given in column 7 for experiments 4 and 6 were deter- 
mined experimentally. The value 22.50 is the mean of experiment 6 
(b) and experiment 7 (6), column 4, and 11.12 is the value determined 
for experiment 7 (c), column 4. For the other experiments these 
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values are only assumed as approximate, since they were not deter- 
mined experimentally for the particular alfalfa involved. 

The volumes given in column 8 are volumes of carbon dioxide formed 
at the expense of an equal volume of oxygen, based on the volumes of 
column 7. The volumes in column 9 then become the volumes of 
oxygen absorbed without production of carbon dioxide, that is, the 
measure of the oxygen-absorption property. 

The values for oxygen absorbed in excess of carbon dioxide formed 
(column 6) and those for oxygen absorbed without production of 
carbon dioxide (column 9) show consistently that a decided increase in 
its oxygen-absorption property results from the heating of the alfalfa 
in nitrogen. 

The differences in oxygen absorption of the hay before and after 
such treatment, shown in column 9, are less than those in column 6, 
but nevertheless the former are quite significant. 

The effect of the presence of small quantities of ammonia on the 
absorption of oxygen is shown in experiment 10 (table 1). A 40-gm. 
sample of alfalfa F was heated in air for 4 hours according to the usual 
procedure (experiment 10 (a)). A duplicate sample then was taken 
and placed in a flask (experiment 10 (6)). <A glass bulb of 2-cc. 
capacity, with a long capillary outlet, containing approximately 
0.8 gm. of ammonia (specific gravity, 0.90), was carefully inserted 
into the loose mass of alfalfa, with the capillary outlet projecting 
above the surface of the hay. No escape of ammonia from the bulb 
could be detected before the assembly was closed and heating was 
begun. At the conclusion of the experiment the volume of liquid in 
the bulb did not appear to be greatly decreased, and it still retained 
a strong ammonia odor. The gas collected for analysis contained 
1.40 percent of ammonia gas, which was removed from the samples 
analyzed before the determinations of carbon dioxide and oxygen 
were made. Table 1 shows the greatly increased absorption of 
oxygen under the influence of the ammonia. 


SIGNIFICANCE OF RESULTS IN RELATION TO SPONTANEOUS 
IGNITION 


Despite some divergence of opinion regarding the relative influence 
of the several factors involved, it is generally agreed among students of 
the subject that the initial and early stages of the spontaneous heating 
of undercured or wet hay are due mainly to the respiration process of 
the living plant cells and the activity of micro-organisms, and it has 
been proved that along with these biological activities there occurs a 
purely chemical oxidation, which is a contributing factor in the pro- 
duction of heat. These biological activities are unquestionably 
capable of raising the temperature of the hay to approximately 70° C., 
or slightly higher, perhaps in some instances to 80°. But at such 
temperatures the activity of micro-organisms necessarily must cease 
because of the death of these organisms. Consequently, it is necessary 
to seek some other explanation to account for the rapid rise of tem- 
perature above the limits of micro-organic activity, which occurs 
when haymows are ignited. 

The earliest chemical theory advanced to account for the spon- 
taneous combustion of hay is based on two well-known principles. 
The first is the fact established by Débereiner that hydrogen gas 





























Aug. 15,1940 Thermal Decomposition of Undercured Alfalfa Hay 251 





ignites when brought into contact with finely divided platinum. The 
simultaneous condensation of air and inflammable gases within the 
pores and on the large surface of platinum sponge, or platinum black, 
results in such intimate contact that ignition occurs. The second 
principle is that of pyrophoresis, the behavior of a substance in the 
so-called pyrophoric condition, that is, very minute subdivision, by 
virtue of which it is capable of extremely rapid oxidation. 

The application of these principles to the explanation of the spon- 
taneous combustion of hay was first suggested by Biichner (Ranke, 
7, p. 361) in 1872. His explanation is now known as the pyrophoric 
carbon theory. Because this theory in its essential principles pro- 
vides perhaps the most reasonable basis for an approach to the solution 
of the problem, in this paper the discussion of theories of spontaneous 
combustion are confined to a brief outline of the development of the 

yrophoric carbon theory and to an attempt to point out and correlate 
ater views and observations that have led to other explanations 
involving principles similar or closely related to those underlying 
this theory. 

The most prominent exponent of the pyrophoric carbon theory was 
Ranke (7), who subjected the theory to critical laboratory tests. 
Ranke also had the good fortune to observe an actual case of the 
spontaneous combustion of hay, and because of his scientific training 
was able to describe this occurrence in practically all its essential 
details in such a manner that his description remains today as perhaps 
the best account of this phenomenon. He concluded that the spon- 
taneous ignition of the hay was due to the strong oxygen-absorption 
power of the carbonized hay. 

By carbonizing hay at 250° to 300° C., in the laboratory, Ranke was 
able to obtain a product that on exposure to air would heat to redness. 
He found, however, that if the hay was heated sufficiently to remove 
all volatile matter, the charred mass would show no pyrophoric prop- 
erty. From this observation he concluded that very probably these 
products of destructive distillation played a part in causing sponta- 
neous ignition analogous to that of unsaturated oils in the self-ignition 
of oily waste. To account for the high temperature of 250° to 300° 
in the haymow, which was supposed to be necessary for the formation 
of pyrophoric carbon, he pointed out the effective insulating properties 
of the densely packed hay, which prevented any great loss of heat by 
radiation. 

According to Ranke, the condition of the burnt mass constituting 
the core of the mow of burning hay observed by him was that of actual 
carbon. Apparently this observation and the fact that he had pro- 
duced a similar carbonized mass in his laboratory experiments led to 
the supposition that a temperature of at least 250° C. was required 
to form pyrophoric carbon in the mow. This conception of the neces- 
sity of a very high temperature for the formation of pyrophoric carbon 
undoubtedly greatly retarded the subsequent development of the 
pyrophoric carbon theory. But the difficulty of explaining such high 
temperatures led other investigators to the view that carbonization 
can be produced at much lower temperatures. 

Miehe (5), a supporter of the low-temperature carbonization theory, 
expressed his belief that carbonization of hay may take place at 70° C. 
over a long period with the same result that is attained at higher 
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temperatures in a short period. He suggested that this carbonization 
might occur by a process of dry distillation. Also he stressed the 
necessity of determining whether micro-organisms provide only the 
heat or also the easily oxidizable compounds that participate in the 
conditions causing spontaneous ignition. He opposed the view that 
ordinary heating in haymows is due to simple chemical activity, but 
he suggested that when the temperature rose to above approximately 
70° some physical or chemical change had taken place in consequence 
of the long-continued effect of heat or bacterial action at 70° which 
rendered the hay susceptible to purely chemical oxidation. 

A similar suggestion was made later by Truninger (9), who pointed 
out the desirability of investigating whether the activity of certain 
bacteria and molds in the fermenting haystack may produce easily 
oxidizable substances that might serve as the source of subsequent 
purely chemical processes. 

_ A clue to the explanation of the rapid rise in temperature above the 
limits of bacterial activity in the haymow, which ultimately leads to 
ignition, is given in the theory developed by Browne (1, pp. 25, 26) 
for the spontaneous heating and ignition of large masses of hay. This 
theory, which was suggested by the simpler and purely chemical 
example of the spontaneous ignition of oil-soaked cotton waste, 
is based upon the preliminary production by micro-organisms under more or less 
perfect anaerobic conditions of unsaturated, highly unstable, intermediate-fermen- 
tation products upon the surfaces of the porus, cellular materials (the condition 
being therefore similar to that of the oil-coated cotton). The duration of existence 
of these readily oxidizable fermentation products is dependent upon the quantity 
of air that can gain access to the fermenting mass of hay arid also upon the quan- 
tity of moisture which is present to serve as a reacting medium. If the heaps are 
small or of open, loose structure the intermediary compounds are destroyed almost 
as soon as formed, with the result that when vegetative micro-organic life is all 
destroyed at 70° to 80° C., there is not a sufficient residue of such easily oxidizable, 
unsaturated substances to carry the production of heat to higher limits. The heat 
of the microbial life period is probably owing in large part to the oxidation of the 
same intermediary unstable products that participate in the elevation of tempera- 
ture above 80° * * *, In other words, the micro-organisms simply produce 
the highly unstable compounds whose subsequent oxidation, like that of the un- 
saturated oil upon cotton, generates the increasing quantities of heat that lead 
first to the destruction of the organisms themselves and then eventually to the 


ignition of the hay. 

Considerable confusion appears in discussions of pyrophoric carbon 
because of failure to distinguish clearly between so-called pyrophoric 
carbon, or hay carbon, and hay that has undergone a more limited 
decomposition with every appearance of carbonization. The first, 
which is the product of severe carbonization of hay, may approximate 
true carbon and is in a condition to ignite almost immediately on 
exposure to the air. The second does not ignite at once on exposure 
to the air, but is capable of a progressively rapid oxidation that can 
result in ignition. The description of the carbonized hay of Ranke 
as pyrophoric carbon also was rather unfortunate, and Ranke himself 
must have been fully aware that the product of his laboratory experi- 
ments, which still retained volatile empyreumatic substances upon 
which its pyrophoric properties seemed in part to depend, could not 
have been carbon. The highly carbonized matter constituting the 
core of the burning mow observed by Ranke and described by him as 
actual carbon no doubt had undergone a temperature close to ignition 
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temperature, but it should have been obvious that some of the decom- 
posed hay in other sections of the mow had acquired a pyrophoric 
condition perhaps long before that temperature had been reached. In 
fact, he observed that a load of deep-brown rowen drenched with 
water during its removal from the mow ignited repeatedly when 
spread out on the grass near a pond and finally was completely con- 
sumed. Very probably by the terms “actual carbon” and ‘‘pyrophoric 
carbon” Ranke meant a very highly but not completely carbonized 
product of hay as a whole or a true pyrophoric carbon intermingled 
with the product of a lower degree of carbonization. 

In the opinion of Truninger, the laboratory determination of the 
minimum temperature required to produce hay carbon cannot be 
relied upon conclusively because such experiments can realize only 
imperfectly the natural conditions in the heating mow. By warming 
finely ground hay in a dish in a drying oven up to 163° C., he pro- 
duced a light-brown material, which began to glow at one narrowly 
defined zone on its surface. When the thin glowing layer was removed 
and the remaining material was mixed, the latter began to carbonize 
and after a few minutes was in full glow. In Truninger’s opinion, 
however, it is not impossible that after sufficiently long heating at 90° 
to 95°, in the presence of strongly acid vapors, self-inflammable carbon 
may be formed in the mow at a temperature only a little higher, per- 
haps 120°. He refers to an instance reported to him in which hay of 
normal appearance pitched to the ground during the demolition of a 
spontaneously ignited haystack suddenly caught fire with almost 
explosive violence. He believed that this hay was normal, properly 
fermented hay which had been brought to a pyrophoric condition by 
the dry heat of a neighboring fire pocket but that hay which has been 
rendered pyrophoric only by excessive fermentation and has itself 
produced the heat necessary for this condition will always exist in a 
state of carbon formation. Hay that has been heated to 110° is 
already on the point of ignition, although the actual ignition point 
determined experimentally lies between 220° and 225°. The tempera- 
ture interval between the formation of pyrophoric carbon and the 
point of ignition evidently is traversed very quickly. 

An observation similar to that of Ranke was made by Musselman 
(6) in the summer of 1935. Spontaneous ignition had occurred in one 
of three experimental stacks of chopped alfalfa hay. The temperatures 
varied at different points in the stack, and were excessive at some 
points. Within 2 weeks after stacking, the temperature had risen to 
144° F. (approximately 62° C.). The temperatures then continued to 
rise and were maintained just below 100° C. for 40 days. A further 
rise occurred during the next 16 days, and then, in the succeeding 10 
days, the temperature rose rapidly until ignition occurred on one side 
of the stack. The fire was kept under control by continued wetting 
for 3 weeks while observations were being made. _ It was noted repeat- 
edly that the dark-brown or almost black hay would ignite when 
sufficiently insulated and given very little air. After the glowing 
surface of the interior mass had been removed until no evidence of 
carbonization could be seen, about a bushel of brassy-brown material 
was removed with the bare hands and placed upon a square piece of 
heavy paper, the corners of which were folded over and pinned so that 
the material was in a compact form but loosely enclosed to admit air. 
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This package lay on the ground for 5 hours without visible evidence 
of burning, but in 20 hours it had all been consumed. 

During the summer of 1934 Roethe, Bradshaw, and Hoffman (8) 
were afforded the opportunity to investigate a barn fire in a mow con- 
taining approximately 200 tons of chopped alfalfa. The roof and 
upper part of the barn were destroyed before the fire was extinguished, 
but very little of the hay was burned. Observations made in the mass 
of unburned hay after the fire disclosed the presence of numerous hot 
spots, which were comparatively small and highly localized. The 
decomposed hay in these hot spots had the appearance of a black, 
dry mass of carbonized matter. Wherever a fire pocket had formed, 
there was a small central core of ash. Surrounding this carbonized 
hay was damp black hay that still retained its original form and had 
undergone alr a browning on the interior of its stems. Beyond this 
section the hay was dark brown, dry, and glossy, and still farther 
toward the exterior very dry light-brown hay of dull.finish appeared. 
The temperatures in these zones increased progressively as the inner 
zone was approached by removal of the hay, but the temperatures 
actually observed were greatly influenced by exposure of the hay dur- 
ing removal. Just within the surface of the black damp hay sur- 
rounding one of the hot spots a temperature of 88° C. was recorded, but 
smoking and finally ignition followed longer exposure. 

In consideration of all the facts and views presented above, it must 
be concluded that hay may be made susceptible to spontaneous igni- 
tion without undergoing a decomposition approaching complete car- 
bonization. In a limited and strictly scientific sense the term ‘‘pyro- 
phoric” applied to hay carbon involves the assumption that such hay 
carbon exists in a very fine state of subdivision or has become extremely 
porous. In a broader sense, any substance is pyrophoric that ignites 
spontaneously. In the latter sense at least, the designation ‘‘pyro- 
phoric carbon,”’ as used by Ranke and others, would properly apply 
to the carbonlike material resulting from a severe carbonization of 
hay which is sufficiently incomplete to permit the material to retain 
its pyrophoric property and to ignite almost immediately upon ex- 
posure to the air. The observation of Ranke that this pyrophoric 
property was lost when the carbonized matter of his laboratory tests 
had been deprived of all its volatile empyreumatic substances has 
been confirmed by the writer in similar experiments. On the other 
hand, in the broader sense, hay that has reached a condition which 
falls short of the carbonaceous condition designated as pyrophoric 
carbon but in which it is capable of subsequent progessively rapid 
oxidation resulting ultimately in ignition may not correctly be called 
pyrophoric carbon. Such hay, however, should be referred to as 
pyrophoric hay, for it is indeed pyrophoric in the sense that it ignites 
spontaneously after sufficient oxidation. 

The designation “‘pyrophoric hay’”’ therefore becomes applicable to 
the deep-brown rowen of Ranke, the light-brown product of Truninger 
and the supposedly normal, properly fermented hay referred to by 
him, the brassy-brown material of Musselman, and the dark-brown 
and black products observed by Roethe, Bradshaw, and Hoffman. 
Furthermore, when these have been proved to be formed in the manner 
suggested, the products of the long-continued effect of heat or bac- 
terial action on hay at comparatively low temperatures as predicted 
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by Miehe, and the unsaturated, highly unstable, intermediary fer- 
mentation products formed by micro-organisms as suggested by 
Browne (1), also should be included in this class of pyrophoric 
substances. 

The conception of pyrophoric hay developed in this discussion of 
the pyrophoric carbon theory and related explanations of spontane- 
ous ignition leads logically to the conclusion that a pyrophoric condi- 
tion in hay may exist over a considerable temperature range. If this 
condition is acquired at temperatures as low as that required for the 
production of brown or of black hay, hay becomes pyrophoric below 
the upper temperature limits of bacterial life, that is, below 80° C. 
According to Truninger, the temperature at which brown hay is formed 
lies between 55° and 70°, while black-hay formation occurs above 70°. 
This conclusion supports the view of Miehe that by virtue of the long- 
continued effect of heat or bacterial action at 70° some physical or 
chemical change takes place that renders the hay susceptible to purely 
chemical oxidation and makes even more probable the explanation of 
Browne involving the formation of unsaturated products in the 
haymow. 

The effect of the preliminary formation of unsaturated products 
in the mow on the subsequent rise in temperature due to oxidation 
would presumably be approximately the same regardless of whether 
these products were produced directly by micro-organisms or indirect- 
ly as the result of the heat of micro-organic activity. A partial oxi- 
dation of these substances in a given locality in the mow should in- 
crease the temperature and thereby accelerate their formation, and 
under favorable conditions a partial or complete oxidation in that 
locality should promote the formation of these substances in adjacent 
localities in which the oxygen supply is not sufficient to destroy them 
as fast as they are formed. The accumulation of unsaturated sub- 
stances in an adjacent locality should be greatly facilitated if in that 
locality air is entirely or almost entirely excluded. 

The results of the present investigation show conclusively that the 
heating of undercured alfalfa in an atmosphere of nitrogen at approxi- 
mately 76° to 78° C. results in an increase in the oxygen-absorption 
property and that the oxygen consumed in the oxidation of the 
preheated alfalfa is far in excess of the carbon dioxide formed. The 
results prove that heat from external sources, exclusive of bacterial 
action, produces some change in the constituents of the alfalfa that 
renders it more susceptible to oxidation. Furthermore, the results 
lend strong support to the hypothesis previously proposed that the 
excess consumption of oxygen is due to an oxidation of unsaturated 
substances produced by heat. This oxidation is analogous to the 
oxidation of linseed or similar oils. 

Although these results were obtained in laboratory experiments 
under conditions not strictly comparable with those prevailing in a 
heating haymow, it would be difficult to explain why at the same 
temperatures the same results should not be obtained in the mow in 
localities in which air is not available during the formation of the 
unsaturated substances and in which subsequent conditions favor their 
oxidation. The conclusion seems fully warranted that in a haymow 
in which temperatures approximately those of the laboratory experi- 
ments have been reached as the result of repiratory and micro-organic 
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processes, together with the more limited chemical reactions, the hay 
will undergo fundamental changes that will render it more susceptible 
to oxidation, and if this heat is sufficiently prolonged, the hay will 
reach a condition that may properly be called pyrophoric. 

The possibility is by no means excluded that similar experiments 
at temperatures considerably below 76° to 78° C. would show a tend- 
ency to an increase in oxygen consumption as the result of heating in 
an inert atmosphere and that pyrophoric hay may be formed in the 
haymow heating spontaneously at the lower temperatures. Be that 
as it may, having once established that pyrophoric hay is produced in 
the mow, there remains little difficulty in explaining satisfactorily the 
processes that follow and may lead to spontaneous ignition. The 
influence of varying amounts of moisture in the mow, the accessibility 
of air, and a number of other conditions will determine whether or 
not the mow will actually ignite, but these conditions will always 
have the same significance irrespective of how the.prerequisite condi- 
tions for the rapid rise of temperature from 70°-80° to the temperature 
of ignition are explained. For this reason a discussion of these limiting 
factors need not be undertaken here. 

Finally, the significance of the results of the experiment in which 
the presence of ammonia caused a great increase in the oxygen absorp- 
tion remains to be considered briefly. The production of ammonia in 
hays undergoing spontaneous heating has been observed frequently 
by investigators, and it is significant that alfalfa and clover, the hays 
richest in nitrogenous substances, are the most susceptible to spontane- 
ous combustion. This production of ammonia would cause a weakly 
alkaline condition, which should facilitate the conversion of mono- 
saccharides of the hay into easily oxidizable substances, for it is well 
known that very dilute alkali alain cause some kind of rearrange- 
ment of the sugar molecule, resulting in the formation of numerous 
unsaturated compounds. 

The action of strongly alkaline solutions is more pronounced. For 
instance, Mathews (4) has shown that when a 0.4 normal solution of 
potassium hydroxide is allowed to stand in contact with certain of 
these sugars in an atmosphere of hydrogen the rearrangement or 
breakdown of the sugar molecule by the alkali leads to a rapid 
absorption of oxygen admitted to the solution. 

The experiment referred to by Browne in support of his theory of 
spontaneous combustion, in which hydroxyacrylic acid, CHOH:- 
CHCOOH, was formed by treating a 1-percent aqueous solution of 
glucose at 67° C. with 0.5 percent of completely slaked lime in a flask 
from which air was excluded, also supports the view that the presence 
of ammonia in the heating haymow would greatly facilitate the forma- 
tion of unsaturated easily oxidizable substances from the reducing 
sugars of the hay under the influence of heat. 


SUMMARY 


A laboratory investigation of the effect of heating undercured 
alfalfa in an atmosphere of nitrogen at approximately 76° to 78° C. 
on its oxygen-absorption property is reported. 

It is shown conclusively that this heating causes an increase in 
oxygen absorption and that the oxygen consumed in the oxidation of 
the preheated alfalfa is far in excess of the carbon dioxide produced. 
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The results prove that under the influence of heat supplied from 
external sources, with the exclusion of bacterial action, changes take 
place in alfalfa that render it more susceptible to oxidation, and they 
provide further indirect evidence of the formation of unsaturated 
substances in alfalfa hay by heat and chemical action without the 
intervention of micro- organisms. 

The results are discussed in their relation to the spontaneous 
ignition of hay. The conclusion appears to be fully warranted that in 
a haymow in which temperatures approximating those of the labo- 
ratory experiments have been reached as the result of respiratory 
and micro-organic processes, together with the more limited chemical 
reactions, the hay will undergo fundamental changes that will render 
it more susceptible to oxidation, and if this heat is sufficiently pro- 
longed under favorable conditions the hay will reach a condition that 
may appropriately be called pyrophoric. 

The significance of the great increase in oxygen absorption caused 
by the presence of small quantities of ammonia is considered. The 
production of ammonia in the heating haymow, resulting in a weakly 
alkaline condition of the hay, should facilitate the conversion of 
monosaccharides of the hay into unsaturated easily oxidizable com- 
pounds and thereby promote spontaneous ignition. 
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INTRODUCTION 


Those bacteria that cause the reddening of salted hides and salted 
fish, commonly designated as halophiles, grow more luxuriantly in 
laboratory media as the salt concentration increases from about 3 
molar to saturation. This stimulative effect of sodium chloride has 
been observed and reported by Clayton (2),? Robertson (6), Lockhead 
(5), and Stuart and James (13). Halophilic bacteria also have been 
found to prefer slightly alkaline conditions for growth, as shown by 
Lefevre and Round (4), Stather and Liebscher (9, 10), and Stuart, 
Frey, and James (1/1). Thus, if it could be demonstrated that 
solutions of commercial sodium chloride tend to become more alkaline 
as the concentration increases above a minimum of 3 molar, it might 
be possible to trace this stimulative effect to the establishment 
thereby of a more favorable reaction for growth. 


pH OF SALT SOLUTIONS 


When a glass electrode was used measurements of the pH values of 
solutions of various lots of sodium chloride employed in making 
laboratory media gave no indications that they become more alkaline 
with increasing concentration. In fact, many of the more impure 
lots of salt tended to become more acid as the concentration increased, 
and with chemically pure sodium chloride of analytical grade the pH 
values remained constant at all concentrations. The only lots of salt 
that had a tendency to become more alkaline with increasing con- 
centrations were certain crude, solar-evaporated salts that were 
decidedly alkaline at all of the concentrations studied. In table 1 
some pH values for salt solutions of different concentrations, made up 
with boiled distilled water from five representative lots of salt, are 
given. All of these salts, when used in agar media, appeared to 
stimulate the growth of red, chromogenic, halophilic bacteria as their 
concentration was increased from 3 molar to saturation. 


TABLE 1.—pH of sali solutions sie 3 to 5 molar 
































| Values for molar concentrations indicated 
ng Material | 
| 3.0 3.5 4.0 | 4.5 5.0 
| pH pH pH pH pH 
1 | Commercial grade (G. A. salt)__._---.---_---} 6. 65 6. 50 6. 23 6. 20 6. 12 
2 | Commercial grade (mined salt) - - --| 6. 60 6. 52 6. 50 6.40 6. 27 
3 | Commercial grade (solar-ev aporated Salt) 8.00 8.02 8.03 8.12 | 8. 20 
eRe OE | i ie ata cu 7.72 7.52 7.42 7.31 | 7.15 
5 | c. p. salt (analytical grade)_............___-_- | 6. 92 6. 92 6. 92 6. 92 | 6. 92 
1 Received for publication April 26, 1940. 
2 Italic numbers in parentheses refer to Literature Cited, p. 264. 
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Eh MEASUREMENTS 


Inasmuch as Stuart and James (13) have reported that relatively 
low Eh values appeared to favor the growth of organisms of this type, 
Eh measurements were made on broths containing beef extract, 
Bacto-peptone, Bacto-gelatin, and different molar concentrations of 
sodium chloride. These measurements were made both aerobically 
and anaerobically, by the use of a bright platinum foil electrode and a 
saturated calomel-potassium chloride reference half cell at 30° C. 
Anaerobiosis was obtained by replacing the dissolved gases in the 
sample with nitrogen having a purity, as determined by analysis, of 
99.8 percent. 


TABLE 2.—Aerobic and anaercbic Eh measurements made on nutrient broths contain- 
ing increasing concentrations of sodium chloride 





Values for molar concentrations of sodium chloride indicated 
Eh measured . 











3.0 3.5 | 4.0 | 4.5 | 5.0 
Millivolts | Millivolts | Millivolts | Méillivolts | Méillivolts 
Ea ee eet 322 314 31 304 297 














III once ace tne Sucsuaspae 221 | 218 228 224 221 





In table 2 Eh values, as calculated from measurements made both 
aerobically and anaerobically on a representative series of broths 
containing 1 percent each of Bacto-peptone and Bacto-gelatin, and 0.5 
percent of Liebig’s beef extract made up in 3, 3.5, 4, 4.5, and 5 molar 
solutions of sodium chloride are given. The pH of these broths, as 
determined by a glass electrode, ranged from 6.01 to 6.08. 

From table 2 it would appear that nutrient broths such as described 
and made up with high concentrations of sodium chloride do not con- 
tain a reversible system having a strong enough effect on a bright 
platinum electrode to overcome the influence of dissolved molecular 
oxygen, since differences as great as 101 mv. due apparently to this 
factor alone are shown. The anaerobically measured values were 
much lower than those obtained aerobically and were fairly constant 
at all concentrations. The higher aerobically measured values showed 
definite decreases with increases in the sodium chloride concentrations 
independent of slight changes in pH. The decrease in the aerobically 
measured Eh values ranged from 25 to 40 mv. depending upon the 
salt as the concentration was increased from 3 to 5 molar, and was 
very uniform. Thus, the only electrometric measurement found that 
could be correlated with more luxuriant growth as the salt concentra- 
tion was increased appeared to be the aerobically measured Eh values. 

Since oxygen solubility decreases with increasing concentrations of 
sodium chloride (8), and readings with the bright platinum electrode 
are higher in the presence of dissolved molecular oxygen, it is probable 
that the gradual decrease shown in the aerobically measured Eh values 
with increasing concentrations of sodium chloride is the result of dif- 
ferences in the relative amounts of dissolved oxygen. 


GROWTH OF HALOPHILIC BACTERIA 


By the use of different lots of salt, a series of nutrient agars was 
made up to contain 1 percent each of Bacto-peptone and Bacto-gela- 
tin and 2 percent of agar. These were brought to final sodium chloride 
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concentrations of 3, 3.5, 4, 4.5, and 5 molar, respectively, and their 
pH and aerobically measured Eh values were determined. Sterile 
Petri dishes were poured with aliquots of each agar and allowed to 
solidify. These were then streaked with a suspension of red halophilic 
bacteria that had been washed with sterile 3-molar salt solution from a 
salt-saturated agar slant culture. One loop of inoculum was used for 
each streak and three streaks were made on each plate. All plates 
were incubated at 30° C. for 14 days and comparative growth noted. 
In all cases growth was more luxuriant as the salt concentration in- 
creased, irrespective of slight decreases or increases in the pH value. 
There was also a definite decrease in the aerobically measured Eh 
value as the salt concentration increased from 3 to 5 molar. In table 
3 the results obtained with a typical series of agars made up with the 
salt, designated in table 1 as lot No. 4, are given. 


TABLE 3.-—I nitial pH values, aerobic Eh values and comparative bacterial growth on 
nutrient agars containing increasing concentrations of sodium chloride 











1] 

Sodium chlo- : Comparative Sodium chlo- . | Comparative 
ride concentra- pH aaane bacterial ride concentra- pH — bacterial 

tion (moles) growth ! tion (moles) ss growth ! 

Millivolts Millivolts 

eee ener 7.12 252 + Msi dip Ss oto cateantte 6.97 217 +++ 
Bi ol edonkawans cep 234 + 1S | Sears 6. 92 212 +4++ 
ESS 6. 97 228 ++ 























1 +=slight growth; ++=moderate growth; ++-+=heavy growth. 


These results were substantiated by quantitative counting of the 
bacterial populations in nutrient broths buffered at definite pH 
levels. Nutrient broths containing 1 percent each of Bacto-peptone 
and Bacto-gelatin were adjusted with Sérensen’s phosphate buffers 
(10 ml. M/15 in 50 ml. of final volume) to pH 6.5, 6.9, 7.2, and 8.2, 
respectively, and the sodium chloride concentration made to approxi- 
mately 3.2, 3.8, 4.4, and 4.8 molar for each pH. These media were 
sterilized in the autoclave for 10 minutes at 15 pounds and the pH 
and aerobic Eh values determined. Aliquots of 20 ml. were with- 
drawn aseptically from each broth and transferred to sterile 30-ml. 
Erlenmeyer flasks and inoculated with 0.01 ml. of a 3-molar sodium 
chloride solution in which had been suspended the cells of red, halo- 
philic bacteria. In this case the cultures used were Yarcina sp. The 
organisms had been washed from a salt-saturated agar slant culture. 
All flasks were then incubated for 14 days at 30° C. 

At the conclusion of the incubation period, direct microscopic 
counts were made by means of a modification of the Breed technique 
for counting bacterial populations in raw milk. This method involves 
the even spreading of 0.01 ml. of broth over 1 sq. cm. of slide, drying, 
fixing in 90-percent methyl alcohol for 15 to 30 minutes, degreasing 
in xylol for 2 or 3 minutes, drying, staining in Léffler’s alkaline methyl- 
ene blue for 5 minutes, washing in water, decolorizing in 95-percent 
etbyl alcohol, drying, and counting. By fixing in 90-percent methyl 
alcohol followed by washing in 90-percent ethyl alcohol for prolonged 
intervals, it was possible to dissolve out most of the salt that had 
crystallized on the smear without materially affecting the count. 
In making counts an oil-immersion lens with 10% compensating 
oculars was used. The value reported is the average count per 
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field computed from 15 fields counted from each of 3 preparations. 
The results are given in table 4. 


TABLE 4.—Effect of pH, aerobic Eh, and sodium chloride concentration of nutrient 
broth on bacterial count after incubation at 30° C. for 14 days 


VALUES FOR MOLAR CONCENTRATION OF SODIUM CHLORIDE INDICATED 















































3.2 3.8 4.4 4.8 
a | m a m a P neste 
Aero- ria ero- ria ero- ria Aero- rial 
PH | bie Eh | count pH | bic Eh | count PH | pie Eh | count | P# | bie Eh | count 
| per field per field per field per field 
—_ | | SS ee ee 
| 
Milli- | Num- | Milli- Num- Milli- Num- | Milli- | Num- 
6.62 volts ber volts | ber volts ber volts | ber 
7.00 356 23 6.62 | 356 94 6.50 | 352 146 6.43 | 344 242 | 
7 25 314 65 6. 98 | 307 93 6. 80 302 198 6.92 | 290 237 | 
8. 48 304 177 7.18 302 212 7.31 302 252 «© | 7.25 279 342 
F 242 | 193 8.37 | 234 | 214 | 8.42 227 254 8.18 | 239 340 


They show quantitatively at all salt concentrations the stimulating 
action of increasing pH. The decrease in the aerobically measured 
Eh values, with increasing pH at each salt concentration, appears to 
be caused entirely by changes in hydrogen-ion concentration. How- 
ever, the decrease in the aerobic Eh values, with increasing concentra- 
tions of salt at each of the buffered pH levels, would appear to be 
essentially independent of changes in hydrogen-ion concentration. 
There is a definite increase in the bacterial count with increasing salt 
concentration at each of the buffered pH levels. This increase, 
therefore, cannot be attributed to pH change, although it can be 
correlated with a lowering of aerobic Eh values. 


EFFECT OF OXYGEN TENSION ON GROWTH 


Since it has been shown previously that the lower aerobic Eh values 
obtained with increasing salt concentration are caused, in all prob- 
ability, by decreases in the amounts of dissolved oyxgen, it would 
appear that the organisms under study might possibly prefer lowered 
oxygen tensions for optimum growth. Because of a well-defined 
tendency to grow on the surface of agars and broths, these organisms 
have been considered heretofore as strict aerobes. 

The determination of the effect of the relative oxygen tensions upon 
the growth of a number of red chromogenic, halophilic bacteria that 
had been isolated previously from salts and salted hides was, therefore, 
undertaken. All these organisms failed to grow on nutrient salt agar 
plates under strictly anaerobic conditions. On agars containing 1 
percent each of peptone and gelatin, made up to a concentration of 
sodium chloride of 5 molar and adjusted to pH 7, no differences in 
growth could be observed with plates incubated in an atmosphere 
containing a normal amount of oyxgen as compared to those in which 
40, 50, and 60 percent of the air had been replaced with carbon dioxide, 
nitrogen, or illuminating gas. 

On agars of the same pH and organic composition made up to a con- 
centration of sodium chloride of only 3 molar, growth appeared 
definitely to be stimulated when 40 and 50 percent of the air was 
replaced with either carbon dioxide, nitrogen, or illuminating gas. 
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In these experiments all plates were incubated at room temperature 
(24° to 28° C.) in Novy jars. The percentage of air in the atmos- 
phere of these jars was regulated by evacuation followed by a release 
of the vacuum with an excess volume of gas of a previously adjusted 
composition. 

DISCUSSION 


The inclusion here of aerobic Eh measurements was prompted by 
the knowledge that many of the measurements reported in the past, 
such as those of Hewitt (3), were made aerobically, and that Cannan, 
Cohen, and Clark (/) in some of their earlier work found it unneces- 
sary to exclude air in crude measurements of some reversible systems. 
Although the aerobic Eh measurements presented can be said to have 
served a purpose, the fact cannot be overlooked that the nutrient 
broths used did not contain a reversible system of a type that could 
be studied without the exclusion of air, so far as true Eh values are 
concerned. 

In this work, however, satisfactory agreement could be secured with 
different bright platinum electrodes in both the aerobic and anaerobic 
measurements. This would indicate, according to the recent work of 
Ward (14), that the media studied did contain some type of a reversible 
system not precipitated by high concentrations of salt. 

The effect of oxygen on the electrode appeared to be roughly propor- 
tional to the amount dissolved in the substrate. This suggested that 
the organisms studied might prefer, under certain conditions, reduced 
oxygen tension for growth. This indication was borne out by obser- 
vations upon growth made in atmospheres containing reduced oxygen 
tensions. 

Stuart and James (/2) studied the effect of increasing salt concen- 
trations on the Eh of protogenous media at various pH levels. They 
used flowing nitrogen to replace the dissolved molecular oxygen, and 
at concentrations above approximately 3 molar found that the Eh 
values remained relatively constant, The work here reported tends 
to substantiate this finding. 

On the basis of these studies, red chromogenic, halophilic bacteria 
of the type causing the flesh reddening of salted hides and skins and 
salted fish would appear to be stimulated in their growth by slight 
reductions in oxygen tension. The tendency of these organisms to 
be strictly surface growers, therefore, must be dependent upon some 
factor other than a high oxygen requirement. It is suggested that 
this growth characteristic may be strictly a surface tension phe- 
nomenon. 

A preference for a slightly reduced oxygen tension may account 
in part for the stimulating effect of increasing concentrations of salt 
on the growth of halophilic bacteria when the pH is maintained at a 
constant value. Rockwell and Ebertz (7) were the first to point out 
that the decreasing solubility of oxygen with increasing sodium 
chloride concentration might play a part in restricting bacterial 
growth. This is probably true of many of the ordinary bacterial 
types. These studies show, however, that those bacterial types 
capable of growing at high concentrations of salt prefer reduced 
oxygen tension for growth. This may be one of the reasons why 
sodium chloride tends to exert a selective influence on bacterial 
fermentation and protein decomposition. 
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SUMMARY 


Commercial grades of sodium chloride in solution may ionize to 
become more acid or alkaline as the concentration increases from 
3 to 5 molar. This would appear to result from impurities present, 
since the pH values of solutions of chemically pure sodium chloride 
of analytical grade remained constant at all concentrations at which 
it was measured. 

Aerobically measured Eh values of protogenous salt media de- 
creased as the salt concentration increased from 3 to 5 molar. Anae- 
robically measured Eh values were much lower than those measured 
aerobically and were practically constant regardless of salt con- 
centration. This indicates that the decrease shown in the aerobic 
Eh values with increasing salt concentration can be attributed to 
differences in the relative amount of dissolved oxygen. 

The stimulating effect on bacterial growth of increasing concentra- 
tions of salt above 3 molar when the pH is maintained at a constant 
value can be correlated with decreases in aerobically measured Eh 
values and, thus, with slight decreases in oxygen tension. 

Growth studies made in atmospheres partly depleted of oxygen 
confirm the indications of the electrometric measurements in that 
under certain conditions halophilic bacteria prefer relatively low 
oxygen tension for optimum growth. 
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EFFECT OF PROTEIN CONCENTRATION AND CYSTEINE 
ON GROWTH OF HALOPHILIC BACTERIA! 


By L. S. Sruarr 


Associate bacteriologist, Industrial Farm Products Research Division, Bureau of 
Agricultural Chemistry and Engineering, United States Department of Agri- 
culture 


INTRODUCTION 


A more thorough understanding of the factors that control the 
growth of the bacteria designated as halophiles appears to be essential 
to the development of reliable laboratory culture methods. As a 
rule, these are the organisms that grow on salt-cured fish, meat, 
hides, and skins. It has been shown that they prefer for growth a 
relatively high pH ? or low Eh * and reduced oxygen tension.’ 

Halophilic bacteria have considerable economic significance, as they 
cause discolorations, changes in texture and odor, and decomposition 
of salt-cured products. 

As compared with the environment in which these organisms 
naturally grow, most laboratory media contain relatively low con- 
centrations of protein. This study was undertaken primarily to 
determine the influence of protein concentration on the growth of a 
typical culture of a halophilic coccus. It has been extended to 
include the effect of the amino acid cysteine. 


EFFECT OF PROTEIN CONCENTRATION 


It has been observed repeatedly in this laboratory that protein 
concentration may affect materially the bacterial growth on media of 
high sodium chloride content. The following experiments showed 
that increasing the protein concentration may either stimulate or 
inhibit growth, depending on the concentration of sodium chloride. 

To nutrient agars containing 1.5 parts of agar and 1 part of pro- 
teose peptone per 100 ml. and made up at the following molar con- 
centrations of sodium chloride: 3, 3.5, 4, 4.5, and 5, respectively, 
1, 2.5, 5, 7.5, and 10 percent of Bacto-gelatin were added. The pH 
of these agars was not adjusted, but electrometric measurements 
made with a glass electrode immediately after sterilization showed 
no greater variation in pH between any two than + 0.2. 

Plates were poured with each of the 25 agars and allowed to 
solidify. They were then inoculated by the streak method. With 
a platinum loop, three streaks were made on each plate from a satur- 
ated sodium chloride solution in which the cells of red chromogenic 
halophilic bacteria (Sarcina sp.) had been suspended. All plates 
were incubated at 30° C. for 21 days. Comparative growth, shown 
in table 1, is expressed by plus (+-) signs. the comparative growth 

1 Received for publication April 26, 1940. 

2Sruart, L. S. THE GROWTH OF HALOPHILIC RACTERIA IN CONCENTRATIONS OF SODIUM CHLORIDE 

ABOVE THREE MOLAR. Jour. Agr. Res. 61: 259-265, 1940. 


3 Sruart, L. S., and JAMES, LAWRENCE H. THE EFFECT OF EH AND SODIUM CHLORIDE CONCENTRATION 
ON THE PHYSIOLOGY OF HALOPHILIC RACTERIA. Jour. Bact. 35: 381-396. 1938. 
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may be more clearly seen perhaps in figure 1, in which a typical 
group of plates is shown. The plate shown in A was given a three 
plus (+++) value, as were also D and E; B was given a one plus 
(+) value; C, a two plus (++) value; and F, a four plus (+ +++) 


value. 








FicurE 1.—Growth of halophilic bacteria (Sarcina sp.) after 21 days’ incubation 
at 30° C. on media containing 1 percent (A) of Bacto-gelatin at 5-molar con- 
centration of sodium chloride, and 1 (B), 2.5 (C), 5 (D), 7.5 (E), and 10 (F) 
percent of Bacto-gelatin at 3-molar concentration of sodium chloride. 


TABLE 1.—Growth of halophilic bacteria (Sarcina sp.) at 30° C. on media contain- 
ing different concentrations of protein at various concentration of sodium chloride 
































se tal Growth at protein (Bacto-gelatin) concentration indicated 
tion o 
sodium | 
chloride 1.0 2.5 5.0 7.5 10.0 
(moles) percent | percent | percent percent percent 
3.0 + | 4-4 +++ +++ + 0 
3.5 58 | aS 5 ee See] Sere 
4.0 ++ | RL ttt ++ ++ 
4.5 +++ +++ ttTtT si a 
5.0 +++ | +++ | +++ ++ + 











The sign + indicates slight growth; ++, moderate growth; +++, heavy growth; and +++-+4, very 
heavy growth. 


The results in table 1 show that the stimulating effect of increasing 
concentration of sodium chloride on bacterial growth, which has been 
attributed in part to lowered oxygen tension,‘ is only apparent with 
media containing the lower concentrations of protein. With 5 per- 
cent of Bacto-gelatin no differences in the growth at the different 
sodium chloride concentrations could be detected. With higher con- 
centrations of Bacto-gelatin, more luxuriant growths were obtained 
at the lowest sodium chloride concentrations. 

For verification of these results, counts were made of the bacterial 
population of nutrient broths containing 1 percent of Bacto-peptone 


4Sruart, L. S. See footnote 2. 
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and 1, 3, 6, and 9 percent of Bacto-gelatin. Four concentrations of 
sodium chloride were used, namely, 3.2, 3.8, 4.4, and 4.8 molar, and 
these were buffered at the three pH levels, 6.5, 6.9, and 7.2, with 
Sérensen’s phosphate buffers (10 ml. M/15 in 50 ml. of broth). This 
provided 48 different media. The pH of each medium was determined 
with a glass electrode, immediately after sterilization. Aliquots of 
20 ml. each were then transferred to 30-ml. sterilized Ehrlenmeyer 
flasks and inoculated with 0.01 ml. of a saturated brine suspension of 
red halophilic bacteria (Sarcina sp.). All flasks were incubated for 
14 days at 30° C. Direct microscopic bacterial counts were made by 
a modification of the Breed method, described in a previous communi- 
cation.’ The results are recorded in table 2. 


TABLE 2.—Bacterial count per field of halophilic bacteria (Sarcina sp.) at 30° C. 
in Bacto-peptone media containing different concentrations of protein and sodium 
chloride at various pH levels 


























PH and bacterial count at protein (Bacto-gelatin) concentration indicated 
Concen- 
— 1 percent 3 percent 6 percent | 9 percent 
sodium ie 5 aes 
oe Count Count Count Count 
pH per pH per pH per pH per 
field field field field 
6. 62 23 6.40 44 6. 41 133 6. 53 142 
3.2 7.00 65 6.91 179 6.90 202 6. 81 252 
7. 25 177 7.13 186 7.15 192 7.00 282 
6. 62 94 6.35 96 6. 40 113 6. 35 111 
3.8 6. 98 93 6. 87 118 6. 92 162 6. 81 172 
7. 18 212 7.17 242 7.11 208 7. 00 188 
6. 50 146 6. 52 18 6.49 12 6.35 12 
4.4 6. 80 198 6. 93 187 6.97 86 6. 90 82 
7.31 252 7.15 287 7. 05 193 7.10 188 
6.43 202 6.30 12 6. 43 8 6.32 9 
4.8 6. 92 237 6.94 60 6.91 21 6. 90 13 
7. 25 242 7. 20 294 7.11 28 7. 16 12 


























Although a relatively dilute (M/15) buffer was employed in the prep- 
aration of the media, there was considerable precipitation of insoluble 
phosphates during sterilization. This affected the pH to an appreci- 
able degree. In some instances, where the pH after sterilization was 
so changed as to be entirely out of line with the intended buffered 
level, it was necessary to readjust the medium with either normal 
sodium hydroxide or hydrochloric acid. 

The results in table 2 show that with a 3.2 molar concentration of 
sodium chloride, the bacterial count increased at all pH levels as the 
protein increased. This was also true with a 3.8 molar concentration 
of sodium chloride at the two lower pH levels. At the highest pH 
level, however, increase in growth was not apparent. With 4.4 and 
4.8 molar concentrations of sodium chloride, growth decreased at 
practically all pH levels as the protein concentration became greater. 

A stimulating effect on growth was shown with an increase in the 
pH of the medium. With 1 percent of Bacto-gelatin the count in- 
creased as the sodium chloride concentration increased. With 3 
percent of Bacto-gelatin this was only true at about pH 7.2. With 


5 Stuart, L. 8. See footnote 2. 
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6 and 9 percent of Bacto-gelatin no stimulation of growth occurred 
with increasing concentrations of sodium chloride. On the contrary, 
growth appeared to be markedly retarded. 

A number of the results in table 2 suggest that increasing the 
concentration of protein tends to offset the unfavorable effect of low 
pH. For example, with a 3.2 molar sodium chloride concentration 
growth with 9 percent of Bacto-gelatin at pH 6.53 and 6.81 was 
comparable to that with 1 percent at pH 7.25, whereas with 1 percent 
of Bacto-gelatin at pH 6.62 and pH 7.0 and with 3 percent at pH 
6.40, growth was apparently retarded. Similarly, with a 3.8 molar 
concentration of sodium chloride, growth with 9 percent of protein at 
pH 6.81 was slightly greater than with 6 percent at pH 6.92. Growth 
with 6 percent of protein at pH 6.92 was greater than with 3 percent 
at pH 6.87, and growth in the latter concentration at pH 6.87 was, in 
turn, greater than in 1 percent at pH 6.98. However, with 4.4 and 
4.8 molar concentrations of sodium chloride, this offsetting effect was 
not observed. This effect of protein on the growth of bacteria at the 
lower sodium chloride concentrations is of special interest, since it 
parallels results obtained in studies on the effect of pH and protein 
a alumna on the growth of the pneumococci, recently reported by 

elly. 

The inhibition of growth with increasing protein concentrations at 
4.5 and 5 molar salt concentrations shown in table 1, and the lower 
counts with increasing protein concentrations at 4.4 and 4.8 molar 
salt concentrations, shown in table 2, are difficult to explain. 


PROTEIN SOLUBILITY 


The following results with dried egg white indicate that the solu- 
bility of protein in solutions of sodium chloride of 3 to 5 molar con- 
centrations may vary from 50 to 100 percent. This may be one factor 
responsible for inhibiting growth. 

Into each of a series of 50-ml. glass-stoppered graduates 10 gm. of 
dried egg white was placed. Sodium chloride solution of 3, 3.5, 4, 
4.5, and 5 molar concentrations, respectively, were added to bring 
the total volume to 50 ml. After 24 hours the supernatant liquid was 
decanted and centrifuged. The protein nitrogen in 25 ml. aliquots of 
the clear centrifuged supernatant liquid is shown in table 3. 


TABLE 3.~—Solubility of protein (dried egg white) at different concentrations of sodium 
chloride based on protein nitrogen 




















| | 
Soluble Soluble | 
| Concen- protein Concen- protein 
| tration | nitrogen! tration | nitrogen! 
of (in 25-ml. of (in 25-ml. 
sodium | aliquots of sodium | aliquots of 
chloride super- chloride super- 
(moles) natant (moles) natant 
solution) solution) 
| Gram Gram 
| 3.0 0. 1328 4.5 0. 1539 
3.5 . 1848 5.0 . 1295 
4.0 . 2137 








1K. G, A. method. 


‘KELLY. WILLIAM H. THE EFFECTS OF ACIDITY UPON THE GROWTH OF PNEUMOCOCCUS IN CULTURE 
MEDIA CONTAINING PROTEINS. Jour. Expt. Med. 67: 667-674, illus. 1938. 
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The dried egg white was more soluble in 3.5, 4, and 4.5 molar 
sodium chloride solutions than in 3 molar. Solubility did not increase 
directly, however, with increasing concentrations of sodium chloride. 
It reached a maximum at 4 molar and then decreased abruptly at 4.5 
molar. Similar results have been obtained with casein, dried beef 
blood, and collagen. Thomas and Foster’ found that the hydrolysis 
of collagen in sodium chloride solutions increased in the concentration 
range from 3 to 4 molar but decreased with greater concentration. 

In these studies only one time interval was employed. The 
differences in solubility, therefore, may have been influenced some- 
what by the rate of solubility or the rate of chemical hydrolysis. 
Nevertheless, it is believed that the solubility figures given are 
indicative of the changes brought about in the protein concentration 
of culture media by high concentrations of sodium chloride. 


ABSORPTION OF SODIUM CHLORIDE 


The removal of sodium chloride from the medium by the proteins 
salted out may be another factor that influences growth. That rela- 
tively large amounts of sodium chloride may be removed from solution 
by absorption or combination with proteins salted out at 4.5 and 5 
molar concentrations of sodium chloride is clearly illustrated by the 
following study. 

Five 1-gm. portions of collagen (hide powder), casein, and blood 
fibrin, respectively, were put into 50-ml. glass-stoppered volumetric 
graduates. This provided a series of five graduates for each protein. 
To each series 3, 3.5, 4, 4.5, and 5 molar sodium chloride solutions 
were added to bring the final volume to 25 ml. The graduates were 
thoroughly shaken and allowed to stand for 24 hours. Aliquots were 
then removed for determination of chlorides, which was done volu- 
metrically by titration with 0.1 normal sodium sulfocyanate solution 
in the presence of a ferric indicator, after digestion with hot con- 
centrated nitric acid and addition of an excess of 0.1 normal silver 
nitrate solution. The chlorides were calculated as sodium chloride. 
The results are given in table 4. 


TABLE 4.—Concentration of sodium chloride solutions before and after contact with 
various insoluble proteins 


| | 
| Concentration of original | Concentration after contact with | 














| sodium chloride solutions the insoluble proteins— | 
| | | 
| As made up | By titration | Collagen | Casein Fibrin | 
| | 

Moles Moles Moles | Moles Moles 
3.0 3.02 3.03 3.00 3.05 | 
3.5 3. 43 3. 39 3.43 3. 39 | 

4.0 3. 93 3. 89 3. 93 3. 93 

4.5 4. 46 4.13 4.32 4. 27 

5.0 | 5.18 4.13 | 4.39 4. 39 





Sodium was not determined, but pH measurements were made on 
the brines both at the beginning of the experiment and after they had 
stood for 24 hours. If the chlorine ions had been preferentially ad- 
sorbed, it seems fairly safe to assume that marked increases in pH 
values would have been recorded. Such was not the case. 


THOMAS, ARTHUR W., and FosTEeR, STUART B. THE DESTRUCTIVE AND PRESERVATIVE EFFECT OF 
NEUTRAL SALTS UPON HIDE SUBSTANCE. Indus. and Engin. Chem. 17: 1162-1164, illus. 1925. 
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A marked increase in the absorption of sodium chloride by the pro- 
tein products from 5 molar solutions as compared with solutions of 
lower molarity is clearly shown. It can be calculated from the data 
in table 4 that at a 5 molar concentration the absorption is equivalent 
to approximately 1 gm. of sodium chloride per gram of dry protein. 


EFFECT OF CYSTEINE 


The inclusion of small quantities of cysteine in media has aided 
materially in cultivating at lower sodium chloride concentrations 
organisms that had been isolated on sodium chloride-saturated agars. 
It was deemed advisable, therefore, to determine the relative effect of 
cysteine on growth at various sodium chloride concentrations. Nu- 
trient agars were made up at the following molar concentrations of 
sodium chloride: 3, 3.5, 4, 4.5, and 5. These agars all contained 1 
percent each of proteose peptone and gelatin and 2 percent of agar. 
Each lot of agar was then divided into three equal portions, which 
were adjusted with 0.1 normal hydrochloric acid and 0.1 normal 
sodium hydroxide to pH 6, 7, and 8, respectively, and sterilized. The 
adjusted portions were then each divided into two equal parts, to one 
of which 0.01 percent of cysteine-hydrochloride was added. The 
plates were poured immediately, allowed to solidify, and streaked with 
suspensions of test organisms in the manner described for studies of 
the effect of protein concentration on growth (p. 267). Control plates 
incubated with the test plates did not show any growth, indicating 
that any contaminating organisms that might have been added with 
the cysteine-hydrochloride would not grow on the media used. The 
results of these experiments are given in table 5. 


TABLE 5.—Growth of halophilic bacteria ((Sarcina sp.) at 30° C. on media at different 
sodium chloride concentrations and different pH levels, with and without the addition 
of cysteine 








Growth at sodium chloride concentration indicated 
Cysteine pH SGerrcniae |< > mane Ieee etree ci: car adiee 
3 molar | 3.5 cla! 4 molar | 4.5 molar | 5 molar 
ASE EES nes Le (SRE a: Melanie a: AN) (Sie a 
Not added eae | 6 + | + | + oh | a 
Added __...--- ss ; | 6 + 4. a | ne a 
Not added____ 7 ‘DB ~: s  We s A Us as mis aR WI ie , 
Added. _..- - AE US cans ea te we Fol es ee ce aR A lg ie A ete A I ce 
Not added. ____- : 4c OF he a OE BAA abe }++++ 
a Se aoe | eee | oe ae 





The sign + indicates growth; ++, moderate growth; +++, heavy growth; +++-4, very heavy growth. 


The effect of adding cysteine was somewhat similar to that of in- 
creasing the protein concentration. Cysteine markedly stimulated 
growth with sodium chloride at molar concentrations of 3, 3.5, and 4 
at pH 7 and 8. At pH 6 cysteine had no apparent effect on growth. 

The macroscopic observations given in table 5 were confirmed by 
bacterial counts. Nutrient broths containing 1 percent of Bacto- 
tryptone and 1 percent of Bacto-gelatin were made up at sodium 
chloride molar concentrations of 3.2, 3.8, 4.4, and 4.8 and buffered at 
pH levels of 6.5, 6.9, and 7.2 with Sérensen’s phosphate buffer. 
After the media were sterilized, actual pH values were determined by 
means of a glass electrode. Duplicate 20-ml. aliquots of each medium 
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were transferred aseptically to sterile 30-ml. Erlenmeyer flasks. To 
one of each pair of flasks 2 mg. of cysteine was added. Each flask 
was then inoculated with a 0.01-ml. suspension of halophilic bacteria 
(Sarcina sp.), and all flasks were incubated at 30° C. for 14 days. 
—— microscopic counts were then made. The results are shown in 
table 6. 


TaBLE 6.—Bacterial count per field of halophilic bacteria (Sarcina sp.) at 30° C. in 
media at different sodium chloride concentrations and different pH levels, with and 
without the addition of cysteine 








| pH and bacterial count at sodium chloride concentration 





indicated 
Ee re a Se ee SEE Ne ae 
Cysteine | 3.2molar | 3.8molar | 4.4 molar | 4.8 molar 

| | 
aps) ee “es aes a ieee ee Spee 
| pH | Count | pH Count | | ei Count | pH | Count 
SSS eee ee -. ina | —. | — -| —— io —— 
Notiagded...-.......... | 6.80 | 58 | 6.74 86 | 6.80 | 108 | 6.69 163 
Agee... .... : | 6.71 | 128 | 6.68 | 133 | 6.69 | 124 | 6. 67 | 151 
oS CS, en ere eae ee Bee fe GS Ig 87 | 7.06 | 93 | 7.00 | 92 | 7.00 | 196 
ee sin eicinknnws nee -| 7.02 | 217 | 7.01 | 207 | 7.10 | 214 | 6.97 | 212 
Not added_____ | 7.34 | 118 | 7.22 | 116 | 7.41 137 | 7.42 | 206 
Added... aie : | 7.27 | 324 | 7.34 288 | 7.31 | 311 | 7.26 | 316 


In table 6, with one exception, a higher count is shown in media to 
which cysteine was added. At the two higher pH levels the counts 
were as great at sodium chloride concentrations of 3.2 and 3.8 molar as 
they were at 4.4 and 4.8 molar. This was not so in media without 
cysteine. Growth was markedly increased at the lower pH level, 
with sodium chloride concentrations of 3.2, 3.8, and 4.4 molar, by the 
addition of cysteine. 

With a 3.2 molar concentration of sodium chloride, growth at pH 
6.71 with added cysteine was as great as at pH 7.34 without cysteine; 
with 3.8 molar sodium chloride, growth at pH 6.68 with added cysteine 
was greater than at pH 7.22 without cysteine; with a molarity of 4.4, 
growth at pH 6.69 with added cysteine was comparable to that at 
pH 7.41 without cysteine; and with 4.8 molar sodium chloride, growth 
at pH 6.97 with added cysteine was comparable to that at pH 7.42 
without cysteine. These results indicate that the addition of cysteine 
may offset slightly the unfavorable influence of low pH values, 
similar to the effect observed with 3.2 and 3.8 molar sodium chloride 
with increasing protein concentration. 


DISCUSSION 


Working with sodium chloride brines ranging from approximately 
0 to 4 molar concentration, McLaughlin and Rockwell* demonstrated 
that increasing the concentration of soluble protein (blood) lessened 
the effectiveness of sodium chloride solutions in inhibiting the growth 
of ordinary organisms of putrefaction. In these experiments it has 
been shown that increasing the concentration of protein stimulates 
the growth of halophilic bacteria at 3 or 3.2 molar sodium chloride 
concentration but that this influence decreases as the concentration of 
brine increases to 3.8 or 4 molar. With higher concentrations of sodium 
~ 8 MCLAUGHLIN, GEORGE D., and ROCKWELL, GEORGE E. ON THE RACTERIOLOGY OF THE CURING OF 
ANIMAL SKIN. Amer. Leather Chem. Assoc. Jour. 18: 233-253, illus. 1923. 

274517—40——3 
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chloride, increases in the concentration of protein have no stimulating 
> re on bacterial growth but may actually exert an inhibitory in- 
uence. 

Stuart and James ® reported that approximately 3 molar concen- 
trations of sodium chloride were more inhibitory to halophilic bacteria 
than higher concentrations. Thus the stimulating effect of increasing 
the concentration of protein in sodium chloride solutions of 3.0, 3.2, 
and 3.8 molar concentration, not observed with higher sodium chloride 
concentrations, can be interpreted as offsetting the inhibitory action 
of salt. In this respect the results are in agreement with the findings 
of McLaughlin and Rockwell.” 

The apparent offsetting influence of increased concentrations of 
protein in the substrate against unfavorably low pH values, at sodium 
chloride molarities of 3.2 and 3.8 paralleling similar findings for the 
pneumococci by Kelly," suggests that this effect may hold true for 
most bacteria. It would require, of course, further studies on a 
large number of bacterial species to establish this possibility. From 
a practical angle it may explain many unsuccessful attempts to prevent 
bacterial growth through pH control in materials containing high 
concentrations of protein when results obtained with the usual dilute 
media are used as a guide. 

The stimulating influence of cysteine would tend to bear out the 
earlier observation by Stuart and James” that halophilic bacteria 
prefer relatively low oxidation—reduction potentials for growth. 

Inasmuch as this work shows that halophilic bacteria grow as well 
at 3 molar concentrations of sodium chloride as at higher concentra- 
tions, when small amounts of cysteine or relatively high concentra- 
tions of protein are incorporated in the medium, it would seem un- 
necessary to use higher concentrations of sodium chloride for their 
isolation and study. This would materially simplify the procedure 
necessary for the isolation of organisms from salt, salted meat, salted 
fish, or concentrated brines, for with concentrations of sodium chloride 
greater than 3 molar it is difficult to obtain agars clear and free 
from sediment. 

In studies directed toward the development of more practical 
isolation methods for halophilic bacteria, the results reported herein 
have been employed to advantage. For example, agars containing 
5 or 6 percent of Bacto-gelatin, a trace of cysteine, and 17.5 percent of 
sodium chloride with the pH adjusted to 7.2, when used for dilution 
plates on dirty, used sodium chloride from reddened hides and fish, 
have yielded counts of red, halophilic bacteria as high as a billion per 
gram. It is believed that agars of essentially this composition give 
more accurate counts of halophilic bacteria by the dilution plate 
method than has been possible heretofore, but further studies will be 
required to confirm this belief. 





SUMMARY 


Bacterial growth on agars, or in nutrient broths, having a concen- 
tration of sodium chloride greater than 3 molar are materially affected 
by protein concentration. Growth at 3, 3.2, 3.5, and 3.8 molar 


® See footnote 3. 
10 See footnote 7. 
1t See footnote 5. 
12 See footnote 3. 
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concentrations of sodium chloride is stimulated by increasing the 
concentration of protein. At a concentration of 4 molar, growth is 
not appreciably affected, but at 4.4, 4.5, 4.8, and 5 molar, growth is 
inhibited as the concentration of protein increases. 

Increasing the concentration of protein in the substrate appears to 
offset the influence of unfavorably low pH when the sodium chloride 
concentration is not greater than 3.8 molar. 

The addition of small quantities of cysteine to agars and broths 
stimulates the growth of halophilic bacteria. There is a marked 
stimulation in media containing concentrations from 3 to 3.8 molar 
sodium chloride at pH values ranging from about 6.6 to 7.2. With 
higher concentrations of sodium chloride the stimulating effect of 
cysteine is not so noticeable. 

The addition of cysteine to media also appears to offset the influence 
of unfavorably low pH. 

The effects of the three factors—protein concentration, sodium 
chloride concentration, and pH—on the growth of halophilic organisms 
are markedly interdependent. At 3.2 and 3.8 molar sodium chloride 
concentrations, increasing the protein concentration causes marked 
stimulation of growth when the pH is low, but only slight stimulation 
when it is high. However, when the concentration of sodium chloride 
is above 3.8 molar, increasing the protein concentration tends to 
inhibit more strongly at the low pH than at the high. These observa- 
tions re-emphasize the fact that great care must be exercised in making 
predictions as to the effect of changing pH and sodium chloride or 
protein concentration in a medium having a composition different 
from that of the reference medium. 


















TE Aa paren ptenei a2 


ee ee 


FACTORS INFLUENCING LENGTH OF GESTATION AND 
BIRTH WEIGHT IN CATTLE! 


By Braprorp Knapp, Jr., associate animal husbandman, W. V. Lampert, 
formerly senior animal husbandman, and W. H. Biack, senior animal husband- 
man, Animal Husbandry Division, Bureau of Animal Industry, United States 
Department of Agriculture 


INTRODUCTION 


Postnatal growth and performance in cattle are influenced to some 
extent by the course of prenatal development. It is important, there- 
fore, to know what factors affect prenatal development and the degree 
of variation brought about by these factors. The present study was 
undertaken as part of a broad project to evaluate the factors that 
affect the efficiency of feed utilization in cattle. This paper reports 
only one phase of this project, the factors affecting length of gestation 
and birth weight. 

PREVIOUS INVESTIGATIONS 


Variations in birth weight and duration of gestation have been 
reported by Wing (/3),? Eckles (2), Hansen (5), McCandlish (10), 
Fitch,.MeGilliard, and Drumm (8), Littlewood (8), and others. Their 
investigations show rather definite species and breed differences in 
these respects. In some cases, there was an indication that the sex of 
the calf influences the length of the gestation period, and it was gener- 
ally concluded that there is a significant difference in birth weight 
between sexes. 

McCandlish (10) concluded that length of gestation period has little 
influence on the birth weight of calves and that age of cow and season 
of calving have no influence on the duration of pregnancy. He 
showed, in a study of domestic cattle (Bos taurus), breed variations of 
276 to 282 days in length of gestation period and of 49 to 94 pounds in 
birth weight. Eckles (2) indicated that calves from immature cows 
are smaller than those from mature cows and that cows of advanced 
age produce smaller calves than cows in the prime of life. Wing (13) 
reported that in 177 births, 5 sets of twins occurred which had an 
average gestation period of 275 days. Wing also concluded that many 
cows show a well-marked individual characteristic as to length of 
gestation period. Littlewood (8), in a study of Brahman cattle (Bos 
indicus), reported gestation periods of 284 to 290 days and birth 
weights of 41 to 62 pounds. 


MATERIAL AND METHODS 


During the 6-year period from 1932 to 1938, birth weights and 
gestation periods were obtained on 297 parturitions at the United 
States Department of Agriculture, Beltsville Research Center, Belts- 
ville, Md. These included 164 parturitions from 65 beef Shorthorn 
cows and 133 parturitions from 68 Milking Shorthorn cows. In both 
herds matings were made during every month of the year so that there 

1 Received for publication June 3, 1940. 
2 Doctor Lambert resigned from the Department on March 22, 1940, to become associate director of the 


Agricultural Experiment Station, Purdue University, La Fayette, Ind. 
3 Italic numbers in parentheses refer to Literature Cited, p. 285. 
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was a fairly equal seasonal distribution of calves. All birth weights 
were obtained within 12 hours following birth. In calculating gesta- 
tion periods, in a few cases the breeding date nearest 280 days prior 
to calving was used owing to the fact that some cows accepted service 
one or more times during pregnancy. In 6 cases out of 133 calvings 
in the Milking Shorthorn breed, for instance, cows accepted service 
during pregnancy. For example, one cow was bred 367, 337, 278, 181, 
and 118 days before parturition. The calf was a normal 84-pound 
heifer and the 278-day breeding date was used. One cow was observed 
to accept service during 2 out of 3 pregnancies included in this study. 

In the calculation of results, all abortions were excluded, as well as 
one gestation period of 322 days from the last-known service. All 
other gestations were used, but these varied not more than 21 days 
above or below 280 days. 

In the analyses of the data, variance and covariance analyses, as 
outlined by Snedecor (11), were used. 


EXPERIMENTAL RESULTS 
INFLUENCE OF SEX OF CALF ON LENGTH OF GESTATION AND ON BIRTH WEIGHT 


In table 1 are shown the range in gestation period and the average 
birth weights by length of gestation, sex, and breed. There was 
about 2 days’ difference between length of gestation period of the beef 
Shorthorn dams giving birth to bull calves and that of the dams giving 
birth to heifer calves. Analysis of variance showed that this differ- 
ence was not highly significant, P being less than 0.05. In the 
Milking Shorthorns there was practically no difference between the 
gestation periods when they were classified according to sex of calf. 
This observation is in agreement with the results obtained by Knoop 
and Hayden (6), who observed differences in the Jersey but not in 
the Holstein breed. Littlewood (8) observed differences between 
the sexes, whereas Eckles (2), Fitch, McGilliard, and Drumm (3), 
MeCandlish (10), and Wing (13) did not. In view of these and other 
observations, it is evident that length of gestation period is not greatly 
influenced by the sex of the calf. 


TaBLE 1.—Range in geslation period of dams and average birth weights of their 
calves by length of gestation period, ser, and breed 








Average birth weights of— 





Beef Shorthorn calves Milking Shorthorn calves 





























Length of gestation (days) Males Females Total Males Females Total 
n az n as n az n az n aS n as 
2 |e] 2 |eh| & [eel] & |eel| & [eel] & | Ss 
@ilnm2| @ilrmt| Silo! SB =2 | 3 ae | os —2 
Oo |MmFl O |mE| oO [mE] O [mE] O | mE] O | me 
No. | Lb. | No. | Lb. | No. | Lb. | No. | Lb. | No. | Lb. | No. | Lh. 
260-264 1 60 1 42 2) 51.0 1 44 1 54 2 49.0 
265-269 1 60 1 54 sl AS PEE, Fea pita: SP eel 
270-274 3 68 10 56 13 | 58.9 5 67 3 67 8 | 67.0 
ae 18 68 23 64 1 | 66.0 14 76 19 77 33 76.7 
280-284 36 71 30 71 66 | 71.4 22 85 25 77 47 | 81.1 
285-289. _.._. 21 75 14 71 35 | 73.3 21 85 15 7 36 | 81.9 
| Me 4 _: ft ae 4 | 77.2 3 81 4 93 87.6 
es tk Ea a cas 1 78 fh. i | RS Seeker Rae ee ee a 
Total or average____ 84 | 71.5 80 | 66.8 164 | 69.2 66 | 81.0 67 | 77.5 133 79. 2 
Average gestation 
Sees SRS Ep eee 279.8 |...... 200.8 |...... Sf tf 281.7 
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The male calves in both breeds were heavier at birth than the female 
calves, the average difference being 4.7 pounds in the beef Shorthorns 
and 3.5 pounds in the Milking Shorthorns. In the former breed 
the difference was found, by analysis of variance, to be highly signifi- 
cant, P being less than 0.01. In the latter breed, however, the differ- 
ence was not significant, P being greater than 0.05. The reason 
for this difference between the breeds is not known but may have been 
due in part to the greater variability in birth weight of the Milking 
Shorthorn calves. In the beef Shorthorns and Milking Shorthorns, 
differences due to sex accounted for only 6.5 and 2.1 percent, respec- 
tively, of the total variance in birth weight. 


CORRELATION BETWEEN LENGTH OF GESTATION PERIOD AND BIRTH WEIGHT 


Several investigators, including Eckles (2) and McCandlish (10), 
have reported that length of gestation period and birth weight are 
not correlated. Results from the present experiment (table 1) showed 
that in both breeds there was a definite increase in birth weight with 
increasing length of gestation. An analysis of covariance between 
these two factors in the beef Shorthorns showed a correlation of 0.61 
in the total population. When corrections were made for differences 
due to sex, the correlation was reduced to 0.60. In this breed, as 
already shown, a highly significant difference between sexes was noted 
for birth weight and a probably significant difference for length of 
gestation period. The question arises, therefore, as to whether the 
difference in birth weight between sexes is due to the relatively longer 
gestation period for the bull calves. The anaylsis of covariance 
indicates that 25 to 35 percent of the differences in birth weight be- 
me sexes can be attributed to differences in length of gestation 
period. 

In the Milking Shorthorns, a correlation of 0.50 was observed 
between length of gestation period and birth weight in the total popu- 
lation, and this value remained the same when correction was made 
for differences due to sex. For this breed no significant differences 
were observed between sexes in either birth weight or length of gesta- 
tion period. However, when variations in birth weight due to length 
of gestation period were accounted for by analysis of covariance, it 
was found that there was a probably significant difference between 
sexes, P being less than 0.05. 


INDIVIDUAL AND BREED DIFFERENCES IN GESTATION PERIOD AND IN 
BIRTH WEIGHT OF CALVES 


In table 2 is shown the analysis of variance of the length of gestation 
period between breeds and between cows. For this study, all cows 
with three or more gestations were selected. The average number 
was about four gestations per cow. The analysis shows that there 
is no difference between the beef and Milking Shorthorn breeds but 
that there is a significant amount of variation between cows. Appar- 
ently there is a tendency for a cow to have a characteristic gestation 
period. A cow carrying a calf a long time in one gestation is likely 
to do so in the next gestation. Some cows in this study had an 
average gestation period of 288 to 290 days, whereas others had a 
period of only 274 to 276 days, irrespective of the sex of the calf. 
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TABLE 2.—Analysis of variance of length of gestation period 











. ee Degrees of | Sum of Mean 
Source of variance freedom | squares square 
& | 
Between breeds... ____- ee ee eee ate 1 1.61 1.61 
Between cows in same breed... shasta Fn LRT AES O * 40 1,829.16 | 145.73 
Between gestation periods for same cow Ee See te ae 120 | 2, 779. 26 23. 16 
es eG | 161 | 4,610.03 | 28.63 


1 Significant (P<0.01). 


It has long been known that cows differ in the size of their calves 
at birth. Some cows consistently have heavier calves than do others. 
Breeds likewise differ to a marked degree in the average size of 
calves at birth. The analysis of variance of birth weights of the 
calves from the same cows used for the study of duration of gestation 
is shown in table 3. There was a highly significant difference in 
— weight between the breeds as well as between cows in the same 

reed. 


TaBLe 3.— Analysis of variance of birth weights 


Sum of Mean 
squares squares 


Degrees of 


Ss 7 ig vel 
Source of variance freedom 

















SONS S SRC RD Soe et ec | 1 2,986.93 | 1 2,986. 93 
Between cows in same breed ____- rep ee _ bis Ss | 40 5, 051. 16 1 126, 28 
Between birth weights of calves from same cow eam = 120 | 8, 307. 57 | 69. 23 

Total.........-- res eee Pate | 161 | 16,346. 66 | 101. 53 


| Significant (P<0.01). 


Tables 1, 2, and 3 show the larger calves may be expected from 
cows having the longer gestation period. To determine the corre- 
lation between length of gestations and birth weight of calves for 
the same cow, a covariance analysis was made (table 4). The cor- 
relation observed in the total population was 0.50, but when differ- 
ences between breeds were accounted for the correlation was raised 
to 0.54. The correlation between cows in the same breed definitely 
shows that the heavy calves were from cows whose gestation periods 
were longer than the mean gestation period of the breed. This 
correlation, 0.54, expresses the relationship between the means of 
birth weight and length of gestation period for each cow. The 
correlation between calves from the same cow does not vary greatly 
from that observed within breed alone. On the basis of these results, 
the conclusion seems justified that birth weight is influenced by 
length of gestation and that cows which tend to carry calves over- 
time, that is, longer than the mean gestation period for the breed, 
tend to have heavier calves than those that carry their calves 
undertime. 
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TABLE 4.—Analysis of covariance between length of gestation and birth weight of 
calves 














Between cows in the same breed__..______| 

Between calves from the same cow - -- | 

For test of significance of adjusted mean | ii 
squares between cows in the same breed 8 a | 


| 3 gs i¢ | & F| 
|2 Leelee 32 $ 
Bae | Sails oR Re 
j og | 82 Se) 38 38 
Source of variance | 3.5 | 13k les i8a| Se 2s 
i Ra en « | 958/38 ao 4G 
|e | * | “| @ (2°18 1 3414 
Bia t | Sees 
| Sawer tia Ce a ag: 
Between breed - - 1 1.61} 69.40} 2, 986. 93) Seat 
For test of significance of adjusted ‘mean S ye ae 
squares between breeds... -.-...----.-..|----- | | 1) 2, 858. 84| 2 2,858.84 
| 


401, 829. 16)1, , 645.35) 5,051.16] 0. 54|- 


120|2, 779. 26]2, 620. 29) 8, 307.57|  .55) 119] 5,837.16] 49. 05 





40| 3, 573.21) 2 89. 33 
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— 
| 50 Haan 269. 21 76. 68 
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1S=sum; X, altos of gestation period; and Y, birth iia of calf. 
2 Significant (P<0. 01). 
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INFLUENCE OF CALVING SEQUENCE AND WEIGHT OF DAM ON BIRTH WEIGHT AND 
LENGTH OF GESTATION PERIOD 


In table 5 are shown the average length of gestation of the dams 
and the average birth weight of the calves by sequence of calving. 
It is obvious that there was no significant trend in length of gestation 
between the first and subsequent gestation periods. There was, 
however, some trend in birth weight. First calves were considerably 
lighter than subsequent calves, but beyond this point no consistent 
trend is evident. 


TABLE 5.-—I nfluence of calving sequence on length of gestation of dams and on birth 
weight of their calves in beef and Milking Shorthorns 











| 
Beef Shorthorns Milking Shorthorns 
Calf sequence Rian Mean maar Mean 
Animals | gestation one ; | Animals | gestation Bee 
yeriod «eed period weight of 
| I calves calves 
| Number Days Pounds Number Days Pounds 
| 44 280.0 64.3 41 281.4 74.9 
38 282.3 70. 2 39 282. 1 80.3 
28 280. 7 r3 Ar 20 282. 5 84.0 
21 281.3 71.4 13 282. 7 81.9 
16 279. 2 68.7 8 279.0 77.8 
6 278.0 69.3 6 285. 2 84.2 
280. 7 72.3 3 279.0 77.3 
4 283. 5 76.2 2 277.0 77.0 
3 280. 3 73.3 1 283. 0 70.0 
1 285.0 TE ldtasnamechaslcnecleaieSlGwas Saastaas 




















A correlation study was made with 98 beef Shorthorns to determine 
the effect of length of gestation period, calving sequence, and weight 
of dam on birth weight of the calf. The results follow. 
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Correlation Correlation 
Simple correlations between— coefficient! 
Birth weight and length of gestation period +0. 55 
Birth weight and calving sequence___ =. el 
Birth weight and weight of dam_-_-___---_-___- +. 22 
Length of gestation period and calving sequence __- : - —. 06 
Length of gestation period and weight of dam______________- - +.001 
Calving sequence and weight of dam_______._____-_____-_------ +. 31 
Multiple correlation between birth weight and length of neato, calving 
senuenes, ena wou Or Gam... -..._._.__........._----.- . =s62 
Partial correlations between birth weight and— 
Length of gestation, calving sequence and weight of dam constant-- +. 58 
Calving sequence, length of gestation and weight of dam constant.-. +. 23 
Weight of dam, length of gestation and calving sequence constant.. +. 19 


1+, positive correlation; —, negative correlation. 


The simple correlations indicate that length of gestation had the 
greatest influence on birth weight of calf, whereas calving sequence 
and weight of dam had little influence. No correlation was observed 
between length of gestation period and calving sequence or between 
length of gestation period and weight of dam. The multiple corre- 
lation of these factors, 0.62, indicates that approximately 38 percent 
of the variation in birth weight of calf may be attributed to these 
three factors. Partial correlations indicate that length of gestation 
period is by far the most important of these three factors and that 
calving sequence is slightly more important than weight of dam. 

Although the correlation between birth weight of calf and weight of 
dam is low, it is statistically significant. The question arises whether 
this correlation is due to differences between cows; in other words, 
whether fleshing, nutrition, and environment materially affect the 
birth weight of a calf from a particular cow. To determine this 
point, an analysis of covariance was made, the results of which are 
shown in table 6. The correlation between cows shows a higher 
relationship between mean weight of each cow and mean birth weight 
of calf from each cow than that observed in the whole population. 
The correlation between calves from the same cow (0.08) indicates 
that changes in weight of the cow due to environmental conditions 
do not materially affect the birth weight of the calf. This finding is 
in agreement with observations made during 1934, when cows in an 
extremely thin, emaciated condition as a result of the drought tended 
to have normal-size calves. There was no significant difference 
between cows in birth weight of calf when corrections were made for 
differences in weight of dam. 


TABLE 6.—Covariance analysis of birth weights of calves and weights of dams in 
beef Sherthorns 
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a) = 2) = 16) ia) < < 
ee ee eee --| 22) 1,574,955) 22,011. 19)1,972.18] 0.40).....|.....-.--]_--- 
Between calves from same cow- 75| 910,737) 4,965. 10/4, 211. 82 . 08 74 “4, 184. 76| 56. 55 
For test of significance of adjusted mean 
squares between cowS...-...------------ A, Sana: aoe eee, eee |e 22] 1, 706. 48)? 77.57 
ars SS i 
Tele... ..<..< Sa tet ae eee os 485, 692 eee 6, 184.00] 0. 22| “ 5, 891. 24] 61. 37 
| | | 








1 See footnote 1 of table 4. 
2 F=1,37; not significant (P>0.05). 
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INFLUENCE OF SEASON OF CALVING ON LENGTH OF GESTATION 
AND BIRTH WEIGHT OF CALVES 


Hammond (4) calls attention to the fact that the estrus cycle 
varies with the season and that there is a relationship between estrus 
and length of gestation period. To determine whether season of 
birth affects length of gestation period and birth weight of cattle, the 
duration of gestation and birth weight of all calves were calculated 
for each season. The results of these tabulations are shown in table 7. 
In beef Sborthorns the largest calves were born in the fall months, 
and the longest gestation periods were observed in these months. 
The shortest gestation periods were observed in the summer months, 
but the lighest calves were born in the spring months. In the Milk- 
ing Shorthorns, there was little variation in length of gestation period 
between seasons. The heaviest calves were born in the summer 
months and the lightest in the spring months. An analysis of vari- 
ance of the effect of season shows that the variation between seasons 
was not significant. 


TaBLE 7.—Relation belween season of calving and duration of gestation and birth 















































weight 
| Beef Shorthorns | Milking Shorthorns Total 
| 
Season | Average ——- Average aves Average a 
Ani-| gesta- eatwht Ani-| gesta- alent Ani-| gesta- ‘eainise 
mals} _ tion 7 mals} tion ba of mals|_ tion mo 
period calves period calves period calves 
Num Num Num 
ber Days | Pounds} ter Days | Pownis | ber Days | Pounds 
March to May........------ 34 280. 7 66. 4 13 282.0 77.5 47 281.1 69. 4 
June to August.........---- 46 279.3 68.9 40 281.0 81.7 86 280. 1 74.8 
September to November-.-- 39 282.7 71.8 37 282.0 78.0 76 282. 4 74.8 
December to February ___-_-- 45 280. 8 69.5 43 281.8 78.5 88 281.3 73.9 
DISCUSSION 


The findings in this study on length of gestation are in essential 
agreement with those reported by other investigators. The mean 
duration of gestation reported by others varies from 276 days for the 
Holstein breed to 282 days for the Guernsey. The average duration 
observed in this study for the two breeds of Shorthorns is 281 days. 
Littlewood (8) found that the mean duration of gestation for Bos 
indicus cattle is somewhat longer. 

Several investigators have reported that length of gestation and 
birth weight in cattle are not correlated. In this study these two 
variables were found to be correlated, the values of the correlations 
being 0.60 for the beef Shorthorns and 0.50 for the Milking Short- 
horns. This observation is in agreement with the studies of Krasnov 
and Pak (7), who found a positive correlation between these factors. 
In a study of factors affecting birth weights in swine, Lush, Hetzer, 
and Culbertson (9) suggest that length of gestation has little effect 
except through size of litter, large litters being born at an earlier 
age than small litters. It seems logical that there should be a corre- 
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lation between these two variables since the fetus is iiaiaila in age 
and should therefore be growing. Snyder (12) states that the length 
of pregnancy is subject to hormonal control and that the duration 
may be lengthened or shortened as desired. His observations led 
him to the conclusion that there may be less difference in duration 
between the various pregnancies of one individual than between the 
average duration of pregnancies of different individuals in the same 
race. This observation is in agreement with the findings obtained 
by the present authors and also with the results reported by Wing (13). 

From the present study it would seem that birth weight is primarily 
an expression of the size, weight, age, and physiological constitution 
of the dam, and that a minor part of this variation is due to the differ- 
ent potentialities for growth of the calves. Therefore, birth weight 
of calves has a limited value as an index of their later growth poten- 
tialities. It should be noted, however, that the Arizona Agricultural 
Experiment Station (1) has observed a correlation of 0.537 +0.031 
between birth weight and average daily gain of calves from birth to 
weaning. Krasnov and Pack (7) also observed a correlation between 
birth weight and adult weight of 0.56 for males and 0.41 for females. 
In view of these findings this problem merits further study. 


SUMMARY 


A study was made of the influence of the following factors on 
gestation period in cows and on birth weight of their calves: Sex of 
calf, individual differences in cows, breed, calving sequence, weight 
of dam, and season of calving. This study, carried on from 1932 to 
1938 at Beltsville, Md., included 164 parturitions from 65 beef Short- 
horn cows and 133 parturitions from 68 Milking Shorthorn cows. The 
average gestation period for the beef Shorthorn cows was 280.8 days 
and for the Milking Shorthorn 281.7 days. The respective mean 
birth weights of their calves were 69.2 and 79.2 pounds. 

A probably significant difference between sexes in length of gesta- 
tion was observed in the beef Shorthorn cows but not in the Milking 
Shorthorns. Differences in length of gestation period account for 
25 to 35 percent of the variation in birth weight between sexes. 

There is a tendency for individual cows to have a characteristic 
length of gestation period, and the birth weights of calves produced 
by any one cow tend to be less variable than those of calves from dif- 
ferent cows. Birth weight was found to be influenced by length of 
gestation between calvings from the same cow, and cows which tend 
to carry calves overtime also tend to have heavier calves. 

Breed appeared to have no effect on length of gestation, but in 
birth weight of calves there was a highly significant difference between 
breeds. 

A multiple correlation indicates that the combined influence of 
length of gestation, calving sequence, and weight of dam account for 
38 percent of the variation in birth weights in cattle. Length of 
gestation had the greatest effect of the three factors. 

Season of calving had little influence on length of gestation or on 
birth weights. 
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THE TOXICITY OF SARTWELLIA FLAVERIAE TO GOATS! 


By Frank P. Matuews 


Veterinarian in charge, Locoweed Laboratory, Texas Agricultural Experiment 
Station 


INTRODUCTION 


In March 1933 the writer was requested to investigate a serious loss 
of Angora goats in a flock on a ranch in Pecos County, Tex. The 
symptoms observed in the affected animals were a gradual loss of 
weight in spite of good appetite, 
and a distended abdomen. Au- 
topsies revealed marked ascites 
and extensive hepatic cirrhosis 
with small calcium deposits and 
numerous bright yellow foci scat- 
tered throughout the cirrhotic 
areas. From the evidence avail- 
able it was suspected that the 
grazing of Sartwellia flaveriae was 
the cause of the losses, and some 
experimental feeding tests were 
undertaken. The results of the 
investigation proved this to be a 
poisonous plant, but in none of the 
experimental animals were lesions 
produced similar to those that 
Figure 1.—Sartwellia flaveriae as it prompted the investigation. S. 

occurs on the range. flavernae has never been shown to 

be connected with livestock losses, 

but since the plant is frequently grazed and since it has been shown 
to be poisonous, conditions favorable for livestock losses from this 
source are possible and the results of the investigation are, therefore, 
reported. The plant as it occurs on the range is illustrated in figure 1. 





y Nay Pty “ Rad é > 


é 


DESCRIPTION OF SARTWELLIA FLAVERIAE? 


Sartwellia flaveriae A. Gray is a yellow-flowered composite of the 
Helenium tribe and of the Flaveria subtribe, growing under semiarid 
conditions and frequently in strongly alkaline soils. It is an annual 
plant, branched at the base and above, 10 to 60 cm. high, frequently 
about 30 cm. high. The stems or branches are slender, ascending, 
terete or slightly angled, and glabrous. The leaves are narrowly 
linear, 3 to 5 cm. long and about 1 mm. wide, entire and glabrous. 
The numerous small heads are 12 to 17 flowered and are arranged in 
flat-topped cymes. The involucre is bell-shaped and 2 to 3 mm. high. 
The involucral bracts are in a single series, usually 5 but sometimes 6 

1 Received for publication March 23, 1940. The work herein reported was carried out in cooperation 
with the Bureau of Animal Industry, U. 8. Department of Agriculture. 


2 Description by V. L. Cory, range botanist, Texas Agricultural Experiment Station, substation No. 
14, Sonora, Tex. 
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in number, oval or elliptic, membranous and glabrous. The ray 
flowers are 3 to 5 and these have ligules 1.5 mm. long and 1 mm. 
broad. The disk flowers are 9 to 12 and these have a corolla 2 mm. 
long, the tube of which is glandular-puberulent. The achenes are 
2 mm. long, 10-ribbed, almost cylindric, and hispidulous. The scales 
of the pappus are wholly united into a cup, which is 0.5 mm. long and 
has a fimbriate edge. 

This species occurs in southwestern Texas and southeastern New 
Mexico, and particularly in flats in which the soil is more or less highly 
alkaline. In such habitats it may grow in pure stands. In recent 
years in the trans-Pecos area of Texas where sheep are being pastured 
this plant has markedly increased in abundance and in areas of dis- 
tribution. In October 1938 it was surprising to note the occurrence 
and abundance of this plant below the New Mexico-Texas State line 
and west of the Pecos River, for in vegetation surveys made in 1927 
and 1928 it was either absent or not at all prominent in most of these 
places. 

EXPERIMENTAL METHODS 


At the start of the investigation it was realized that the feeding of 
fresh green plant was desirable, but owing to the travel that the 
collection of fresh material would have required, the plan adopted 
was to make weekly collections of the green plant, keep part of each 
collection as fresh and green as possible for feeding the following 
week, and dry the remainder for future experimentation. 

Daily forced feeding was practiced on four of the animals until 
death occurred, regardless of the fact that loss of appetite, the first 
evidence of toxicity, had been apparent for some time. The tech- 
nique was later modified in order to prolong the life of the animals. 
According to this modified procedure, feeding was discontinued as 
soon as loss of appetite was observed and was not resumed until the 
appetite returned to normal. Feeding was then begun again and 
continued until this symptom reappeared. After this method had 
been practiced for a considerable time the feeding was discontinued 
for an observation period of weeks to months. Since nothing of 
interest developed the animals were subjected to a second feeding 
period. A long feeding test, therefore, consisted of a series of inter- 
rupted feeding periods, the interruptions consisting of 3- to 5-day 
intervals which were required for the appetite to return to normal. 
A total of 10 goats was employed in the investigation. The experi- 
ments were carried out at the Locoweed Laboratory at Alpine, Tex. 

The nature of the plant which was fed varied according to the time 
of the year. The young green plant was employed in the experiments 
started in June, but as the season progressed the plant material grew 
correspondingly older until the middle of October. All tests con- 
ducted after that time were with dry material that had been col- 
lected during the summer. Most of the animals which were 
subjected to long and repeated feeding periods received both green 
and dry plant at some time during the experiment. 


RESULTS OF FEEDING TESTS 


The results of 3 years’ experimentation with 10 goats are presented 
in table 1. The presentation of a detailed report on each goat seems 
unwarranted; therefore, in order to conserve space the total amount 
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of the plant which was fed during a given feeding period has been 
divided by the total number of days in the period in order to arrive 
at an average daily dose of the plant. In reality the daily dose was 
subject to considerable variation because vomition frequently occurred, 
especially about the time or immediately prior to the loss of appetite. 
Once vomition occurred it was useless to continue the force feeding 
for that particular day. 


TABLE 1.—Results of feeding Sartwellia flaveriae to goats 


























| j | 
wae sacs Aver- | Dose 
1 when a oe er. | reed: | Tota age | as pro- 
sy feed- | Dates? . S. flaver- | ing pe- amount} daily | portion Results 
‘NO: | ing be- riod | fed! | dose |of body 
gan | fed | weight 
Per- 
Pounds Days | Pounds) Pounds| cent 
75 80 | Sept. 17-Nov. 27, 1934. 72 5 1.33 1.66 | No ill effects; killed for autopsy 
Nov. 28, 1934. 
82 65 | Aug. 11-Sept. 4, 1934 25 20 .80 1.22 | Sick Aug. 20, 1934; died Sept. 
14, 1934.; liver necrosis. 
103 70 | Sept. 21-Oct. 7, 1937__ 17 26 1. 58 2.18 | Sick Oct. 7, 1937; died Oct. 13, 
1937; liver necrosis. 
90 65 | Dec. 31, 1935-Mar. 3, 64 83 1. 29 1.95 | Sick Feb. 28, 1936; died Mar. 9, 
? 1936. 1936; liver necrosis. 
48 70 | July 24-Aug. 29, 1934_- 37 51 1.38 1.97 | Sick Aug. 14, 1934; died Sept. 3, 
1934; liver necrosis. 
| 55 | Nov. 5, 1934-Jan. 23, 80 104 1.30 2.36 | Frequent loss of appetite. 
87 1935. 
55 | June 11-Aug. 8, 1935__- 59 54 91 1.65 | Killed for autopsy Sept. 2, 1935. 
75 | Sept. 7, 1934-Jan. 12, 128 104 81 1.08 | No ill effects. 
_ 35. 
ot 90 | June 11-Sept. 13, 1935 95 110 1.15 1.27 | Loss of appetite. 
90 | June 23-Aug. 6, 1936._ 45 70 1.55 1.72 | Died, hydrothorax Aug. 12, 
1936. 
a : ‘. ng |) No ill effects noted until Oct. 
60 | Mar. 11-May 6, 1936. - 57 61 1.07 1 78 One Ata : 
91 { 60 | June 23-Oct. 5, 1936 105 | 166] 1.59] 268 és By ge hydrothorax 
70 | June 24-Oct. 6, 1935__ 105 150 1. 50 2.14 | Frequent loss of appetite. 
76 75 | Sept. 9-Oct. 27, 1936 _. 49 lul 2. 06 2.74 Do. 
70 | Dec. 19, 1936-Jan. 22, 35 40 1.14 1.61 | Died, hydrothorax Jan. 23, 
1937. 1937. 
60 | Nov. 2-Dec. 19, 1936 48 100 2. 08 3.46 | Frequent loss of appetite. 
95 60 | Jan. 3-Feh. 19, 1937___ 48 60 1. 25 2. 08 0. 
60 | Sept. 21-Oct. 6, 1937_ 16 21 1.31 2.18 | Died, hydrothorax Oct. 8, 1937. 














' Young green, old green and dry plant fed; dry plant expressed as green weight. 
2 Dates are inclusive. 


Three different types of results were obtained: (1) No ill effects 
during the first feeding period; (2) death associated with necrosis of 
the liver, produced by the first feeding period; (3) death associated 
with pulmonary edema and hydrothorax resulting from two or more 
feeding periods. The negative results were obtained with goat 75 
and during the first feeding period with goats 77 and 91. Of this 
group goat 91 received the highest daily dose, consisting of an average 
of 1.78 percent of the body weight and continued for 57 days with no 
ill effects. In contrast to these results are those with goat 82, which 
died after receiving 1.22-percent doses for 25 days. The apparent 
discrepancy may be due to the fact that goat 82 was fed the young 
plant, whereas goat 91 was fed plant which had been dried for several 
months. However, in other experiments the dry plant was found to 
retain much of its toxicity. The fatal results associated with necrosis 
of the liver were obtained with goats 48, 82, 90, and 103. In this 
group the feeding of the plant was continuous, regardless of the fact 
that a complete loss of appetite had developed and was never regained. 

274517—40——-4 
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A comparison of the toxic content of young, old, and dry plant was 
obtained with this group. Goat 82 was fed the young plant, goat 103 
an older stage of growth, and goat 90 a mixture of both old and young 
plant which had been dried for several months. From this comparison 
the young plant appears to be the most toxic, but both old and dry 
plants are seen to have retained much of the toxic principle. Death 
associated with pulmonary edema and hydrothorax was produced in 
four out of five goats which were subjected to two or more feeding 
period (goats 77, 91, 76, and 95). The fifth animal in this group, 
goat 87, was sacrificed for post-mortem studies before similar lesions 
may have had time to develop. The feeding of the plant was sus- 
pended in the case of these animals whenever inappetence appeared 
and was not resumed until the appetite returned to normal, which 
was generally between 2 and 5 days. After a given feeding period 
the animals were held for observation and if nothing of interest 
developed, a second feeding period was started.: From the results 
observed in these four animals there appear to be some cumulative 
effects, since in the case of goat 76 frequent loss of appetite was the 
only ill effect observed as a result of feeding 2.14 percent doses during 
the first feeding period of 105 days, but in the third feeding period 
1.62 percent doses caused death in 35 days. Similar results are 
noted for goats 77 and 95. 


SYMPTOMS 


The first evidence of toxicity was diminished appetite, followed 
within 2 or 3 days by the refusal of all food. This symptom ap- 
peared as early as the sixth and as late as the twenty-eighth day after 
the feeding of the plant was started. The appetite returned to normal 
3 to 5 days after the feeding of the plant was discontinued. As was 
to be expected in the case of hydrothorax, respiration was short and 
rapid after the least exertion. The development of hydrothorax in 
the animals required but 2 to 3 days. There was a listless attitude, 
but otherwise nothing of significance was noted. 


PATHOLOGY 


The gross lesions in the animals killed by a single feeding period 
consisted of an albuminous degeneration of the kidneys and numerous 
grayish-yellow areas scattered throughout the liver. In the cases of 
longer standing the thoracic cavity contained about 1,000 cc. of clear 
serum and all but about one-third of the base of the lungs had an 
edematous appearance. There was no inflammation of the lungs or 
pleura. The livers in the cases of long standing showed a finely 
mottled appearance resulting from fat changes and a slight, diffuse 
yellow cast which was especially noticeable on the cut surface. There 
was moderate evidence of cloudy swelling of the kidneys; otherwise 
the autopsies showed this organ to be practically normal. 

Microscopically the livers of the early fatal cases showed marked 
focal necrosis of the parenchyma scattered at random throughout 
the lobule, and frequently entire lobules were involved. Between 
the necrotic and more or less normal liver cells the line of demarca- 
tion was usually prominent. In addition, the liver and kidney paren- 
chyma of this type of case showed some albuminous degeneration 
and fatty changes but nothing approaching the extent of the changes 
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that were found in cases of longer standing. Pigment deposits in 
much of the epithelium of the liver and kidneys gave the cells a 
brownish-yellow cast in sections stained with haematoxylin and eosin. 
In the cases of longer standing there was a marked fatty infiltrative 
degeneration of the liver and kidney epithelium but necrosis was 
not a prominent part of the picture as it was in the early fatal cases. 
Many of the kidney tubules contained casts composed of loosely 
formed granular material, but actual plugging of the tubules by these 
casts had not occurred. There was no change in the blood vessels 
of the lungs which would account for the edema and hydrothorax. 
Phagocytosis of necrotic liver cells by polymorphonuclear leucocytes 
was frequently observed (pl. 1) and was especially noticeable in 
three cases. There was no evidence of a progressive hepatic cirrhosis; 
the increased amount of connective tissue observed appeared to be 
reparatory and there was no evidence that it was exceeding its normal 
function. In the preparation of specimens for paraffin infiltration 
liver tissues were found to contain a yellow pigment which was 
soluble in alcohol. 


DISCUSSION 


At the beginning of this investigation it was hoped that information 
would be obtained on the etiology of the problem which prompted the 
investigation as well as on the carotenosis of bovine livers as described 
by Buckley, Joss, Creech, and Couch.* The history of the goat losses 
suggested early carotenosis followed by hepatic cirrhosis, and as the 
cirrhosis developed, the loss of much of the pigment. 

From the ranch where the goats unquestionably contracted the 
disease, the liver of a beef was obtained for study. This liver had an 
orange-yellow color and its microscopic appearance was similar to 
that of the livers described by Buckley, Joss, Creech, and Couch. 
Sartwellia flaveriae is known to occur in both Winkler and Ector 
Counties in Texas, a region where a similar type of bovine hepatopathy 
occurs. 

In considering the results of the experiments described above, it 
may be said that, with the exception of the necrosis and slight pig- 
mentation of the liver parenchyma, there is nothing to suggest a 
fulfillment of the original objective of the work. However, before 
S. flaveriae is definitely excluded from an association with this type of 
pathology, tests to determine the effects of feeding young, fresh, 
green plant from daily collections should be made with the facilities 
at present available to the writer such an investigation cannot be 
undertaken. 

In collecting the plant it was noticed that the hands of the col- 
lector acquired a yellow discoloration rather than the green of chlo- 
rophyll which is characteristic in the collection of most green plants. 
This was especially noticeable in the collection of the young growth. 
Another point of interest observed in collecting the plant was its 
local photodynamic properties. If the bare hands and arms were 
subjected to direct sunlight after handling or collecting the green 
plant an erythema developed, and if the exposure was of sufficient du- 
ration the reaction continued to the point of vesicle formation. 


3 BUCKLEY, JOHN S., Joss, E. C., CreEcH, G. T., and Coucn, JAMES F. CAROTENOSIS OF BOVINE LIV- 
ERS ASSOCIATED WITH PARENCHYMATOUS DEGENERATION. Jour. Agr. Res. 40: 991-1005, illus. 1930. 











292 Journal of Agricultural Research Vol. 61, No.4 





There was no reaction when exposure to direct sunlight was prevented. 
This photosensitization is similar to that frequently encountered as a 
result of local applications of toilet waters, coal-tar derivatives, and 
contact with other plants. 


SUMMARY 


An investigation of a serious loss of goats due to hepatic cirrhosis 
prompted an investigation of the toxicity of Sartwellia flaveriae. The 
results of this investigation proved that this plant is poisonous. 
Continuous feeding*of toxic doses produced,death which was associated 
with necrosis of the liver. Long, interrupted feeding periods produced 
death which was associated with pulmonary edema and hydrothorax 
but no necrosis of the liver. Hepatic cirrhosis was not produced. 








Toxicity of Sartwellia flaveriae to Goats 











Photomicrograph of a section of liver from goat 48 showing phagocytosis of 
necrotic liver cells by polymorphonuclear leucocytes. 














THE INHERITANCE OF AN ALBUMEN QUALITY CHARAC- 
TERISTIC OF CHICKEN EGGS! 


By F. W. Lorenz, junior poultry hushandman, and Lewis W. Tay tor, head, 
Division of Poultry Husbandry, California Agricuitural Experiment Station 2 


INTRODUCTION 


Experimental evidence for inheritance of an egg-albumen char- 
acteristic was first adduced by Lorenz, Taylor, and Almquist (7),? who 
separated lines of birds that laid eggs with significantly different per- 
centages of firm albumen. Knox and Godfrey (4, 5) found a signifi- 
cant difference between the mean percentage of firm albumen in eggs 
from two breeds (White Leghorns and Rhode Island Reds) and also 
a significantly greater variability in eggs from different hens than in 
eggs from the same hen. They likewise concluded that percentage 
of firm albumen is hereditary. Van Wagenen and Hall (10) presented 
evidence to support these findings and also demonstrated the in- 
heritance of firm-albumen condition as estimated by comparison with 
photographed standards. They also found evidence of inherited 
differences in percentage of outer liquid albumen. Munro (9), using 
an entirely different analytical method, studied several egg-quality 
characteristics. He failed, however, to find that either the percentage 
of firm albumen or the condition of firm albumen is inherited. 

The present paper records the results of 5 years’ additional selection 
in the high and low firm-albumen lines described by Lorenz, Taylor, 
and Almquist (7), together with the results of crossing these two lines. 


EXPERIMENTAL METHODS 


Eggs from the various matings were incubated during the regular 
hatching season in March and April, and the chicks obtained were 
brooded with others from the Poultry Division flock. Shortly before 
maturity the pullets were separated from the rest and moved into 
laying houses equipped with trap nests. To minimize any possible 
effect of environmental differences, birds from all egg-quality matings 
were housed together. Starting about the first of each year, eggs 
were collected for measurement. To avoid using very small eggs, 
the first 10 to 15 eggs from birds that matured while measurements 
were being made were discarded. When possible, 10 eggs from each 
pullet were measured, although smaller numbers were obtained from 
a few birds that matured late or that paused excessively. If less than 
5 eggs were obtained from any bird, those data were discarded, and 
the bird was eliminated from consideration. 

Eggs were broken for quality measurement about 24 hours after 
they were laid. Since environmental temperature during the interval 
before measurement has an important effect on firm-albumen per- 
centage (8), an attempt was made to minimize variation due to this 

1 Received for publication April & 1940. 
2 The authors are indebted to Dr. I. Michael Lerner for valuable criticisms and suggestions. Assistance 
in statistical computations was provided under Work Projects Administration, official project 665-0S-3-29 


Unit B6. 
3 Italic numbers in parentheses refer to Literature Cited, p. 301. 
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factor by holding the eggs at 40° to 45° F., until they were broken. 
The percentage of firm albumen was determined by Holst and Alm- 
quist’s (3) methods as modified by Lorenz and Almquist (6). 

In 1933, two cockerels were chosen from the previous year’s (G 
series) high line,* and one cockerel was chosen from the low line. 
Selected hens bred the previous year, together with sisters and half 
sisters of the cockerels, were mated with these males in an attempt to 
decrease the genetic variability of the lines in regard to percentage of 
firm albumen. The two high-line matings produced 89 pullets; the 
single low-line mating, 47. Immediately after the regular breeding 
season, the cockerels in the high-line matings were replaced by two 
cockerels obtained from a commercial poultry breeder, and 30 ad- 
ditional pullets were obtained from these matings.’ All birds hatched 
in 1933 were banded in the H series. 

In 1934-37 further selections were made, with the production of an 
additional 153 high-line and 111 low-line pullets. Crosses and back- 
crosses, in addition, produced 142 F, pullets, 130 backcross to high, 
83 backcross to low, and 86 F, pullets. Beside these, in 1935, 3 of 
the progeny of the males from the commercial breeder were mated to 
2 of the high-line males, and 21 pullets were obtained from these 
matings. The following year a son of one of these birds was selected 
to sire a mating pen. This mating, together with additional matings 
between progeny of the commercial breeder’s males and _ high-line 
birds in 1936 and 1937, yielded an additional 40 pullets. 

4 For convenience the terms “‘high line” and “‘low line”’ will be used to refer to the succeeding generations 
of birds selected for high percentage of firm albumen and for low percentage of firm albumen, respectively. 
5 Hatchability that year was rather poor in the high line. Since conceivably an excessive amount of 
firm albumen might affect the embryonic development adversely, these matings were intended to dis- 
tinguish between possible lowered hatchability due to the structure of the egg and that due to inbreeding. 
The change in males increased the hatchability enough to ascribe the excessive embryonic mortality during 


the regular breeding season to close inbreeding. These males were kindly donated by John E. Kimber 


of the Kimber Poultry Breeding Farm. The offspring of these males are referred to henceforth as the out- 
side male line. 
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RESULTS 


The results of each year’s matings are recorded in table 1. The 
firm-albumen percentage of eggs laid by progeny of each type of mating 
are averaged separately. In each of the 5 successive years, the high- 
line pullets laid eggs with a significantly higher percentage of firm 
albumen than did the low-line birds. A mean of 66.63+0.28 percent 
firm albumen was obtained for the 295 birds in the high line during the 
entire period of selection. This mean includes individual birds whose 
eggs averaged as high as 79.3 percent, as well as some averaging as low 
as 55.1. The 211 birds in the low line averaged 55.26+0.37 percent, 
and the individual birds ranged between 39.3 and 70.7 percent firm 
albumen. Despite the overlapping in the distributions of the two 
populations, a highly significant difference of 11.37+0.46 percent 
was observed over the entire period. 

The significantly different firm-albumen percentage, observed for 5 
years, supports the conclusion reached previously (7) that this egg 
characteristic is inherited. Since Munro (9) had reached the opposite 
conclusion on his flock by a different method of analysis, these results 
were checked by duplicating his analytical method as nearly as 
possible. 

Munro measured eggs from a group of families of sisters in a flock 
presumably not selected for egg-quality characteristics, and analyzed 
the variance of these data between and within the families. When 
he failed to find families significantly different for percentage of firm 
albumen, he concluded that the variation in this character was not, 
to any important degree, caused by inherited factors. The same 
analysis of variance was carried out on the progeny of a single year’s 
matings of the highly selected flock described in this paper. The K 
series was chosen for this purpose because it contained representatives 
of the largest number of different crosses. Table 2 presents the 
results of this analysis. The highly significant F value found, 4.17, 
confirms the finding (presented above) that significant differences 
between families do occur in this flock. 


TABLE 2.—Analysis of variance of firm-albumen percentage in the K series, 1935 } 














. AP anes eee Degrees of | Sum of Mean 7 
Source of variance freedom squares square F 
a 222 9, 626. 24 Me 
Between means of dams_ 37 4, 377. 53 J 2 ae P z 
Within means of dams-. 185 5, 248. 71 28. 37 4.17 
| 





! Families of 4 or more daughters only included, 
F at P=0.01 is 1.71, 


In the previously published observations on these same families of 
birds, a significant increase in percentage of firm albumen by selection 
in the high line was reported; but no decrease resulted from selection 
in the low line. On the other hand, further selection (as reported in 
the present paper) failed to increase the firm-albumen percentage in 
the high line, although significant differences between lines were 
maintained consistently. In the M generation, however, the per- 
centage of firm albumen in the low line was significantly decreased. 
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When, furthermore, the progeny of the high line by outside-male 
crosses were mated back into the high line, the group of birds obtained 
showed a significantly higher percentage of firm albumen than did the 
members of the high line. 

In any attempt to evaluate the genetics of the firm-albumen per- 
centage, the following points require consideration. This character 
took a large number of values between the observed extremes. First 
crosses Were, in every case, intermediate between the high and low 
lines; and backcrosses were for the most part intermediate between 
the first crosses and the respective selected inbred lines. Judging 
from these observations, the multiple-gene hypothesis might be 
invoked to explain the mating results. At least one criterion of this 
mechanism. is not, however, met in the present instance while another 
fails in part. One of these criteria requires that the variation of the 
F, generation should be greater than the variation of the F,; the other, 
that the variation of the F, be at least no greater than that of the 
parent generation. According to the coefficients of variability 
recorded in table 3, neither of these criteria is met in full. That part 
of the F; generation which was sired by high-line males had variability 
greater than that of the high-line parental generation and at least as 
great as that of the F, generations. 


TABLE 3.—Coefficients of variation of percentage of firm albumen for each line and 
:, cross by series 

















Coefficient of variation in percentage for— 
Dam’s line ! pie'a tine? | eapaiay x Vaiimemat Te 7] ane 
G series | H series | J series | K series | L series | M series 
| | 
OTN ASS HEE Laie ger We Li, See 7.07 5.73. 7.92 7.49 6. 28 
epee "SR eae eaakiga a : 9.00 6. 84 
CN ae a aia High ; Eee 
OS ER: \FEUS "CREE Senses ae Ce mea ae A i sie s 
High__- oem 4.91 9. 73 
Low... Sere " ae 8. 90 11.31 7.64 
| SRS Se eae BE Xo 7.08 6. 60 3.31 
Low/nign. ........<: ota Suneeny wince 9.85 8.63 
| EEE. cee 2 ee ESR E Ate 6.95 9.13 
_| EEE Sse by * aha tebael as ; mei th Shh A 2 
SPEER, eee eee Low/high---._. ioe bee ae ee coast 9.61 9.95 
ae Cie don Hizh/low-..-_- ‘ ae os se 9, 28 6. 68 
DS onset taken a ae CC eee 10.07 6.97 7.87 8.44 13. 48 13. 45 
oe. between high and outside male |_______- i i 5. 40 6.81 6.99 
ines. 























' See footnote 1, table 1. 
? For explanation see text. 


For the most part, the percentage of firm albumen resulting from 
any cross approached the phenotype of the dam’s line more closely 
than that of the sire’s. The cross of low dams and high sires averaged, 
for example, 60.16+0.78 (table 1), whereas the reciprocal cross 
averaged 63.89+0.46, a difference of 3.73+0.90 percent. These 
results suggest maternal inheritance. To obtain a more accurate 
estimate of the sires’ influence, a correlation analysis was undertaken 
on all members of the population for which data were available for 
the appropriate relatives. Coefficients of correlation were calculated 
between the values of the daughters, the dams, the dams’ sisters, and 
the sires’ sisters (table 4). The percentage of firm albumen of the 
daughters’ eggs was significantly correlated with that of each of these 
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groups of relatives. The highest correlation (r = 0.619) was obtained 
between daughters and dams; the lowest (r = 0.489) between daugh- 
ters and sires’ sisters. 


TABLE 4.—Relative importance of the contributions of dams, dams’ sisters, and sires’ 
sisters to the percentage of firm albumen of daughters ! 














Coefficient of joint 
Coeffi- Coeffi Coeffi- determination 
Firm-albumen percentage of ient of | Partial P point | cient of | cient of with— 
daughters in relation to the pon beta of partial| total de-| direct Mies 
firm-albumen percentage of— tion beta termina-| deter- 
tion mination| Dams’ Sires’ 
sisters sisters 
Dams.-.- ee fous 0. 6192 0. 4220 <0. 01 0. 2613 0. 1781 0. 0710 0. 0954 
Dams’ sisters -____ - ; y . 5589 . 0990 | 0. 01-.05 . 0553 0098 |.... as SS 
6 eee . 4886 . 2887 <. 01 . 1411 - 0834 - 4 seers 
RES Pare ed Soa ere (eee . 4577 - 2713 2, 1864 























1 Includes values for 901 daughers from 205 dams and 28 sires. 
2 0.1864 is the sum of the 3 coefficients of joint determination in the 2 columns above. 


The multiple correlation coefficient—using the dams, dams’ sisters, 
and sires’ sisters as independent variables—was 0.6765, showing that 
45.77 percent of the variance of the daughters’ egg quality was 
explained by inherited factors expressed in these three groups of 
relatives. All three partial regression coefficients were statistically 
significant; those for dams and for sires’ sisters were very highly so, 
and the coefficient for dams’ sisters had a value higher than that 
corresponding to the commonly accepted 5-percent point. Conse- 
quently, each independent variable may be said to have contributed 
significantly to the total variance. 

Coefficients of direct and joint determination were calculated by 
Tolley’s method (Elliot (1)) in order to estimate more exactly the 
quantitative influence of the independent variables on the variance 
of the dependent. Of the total variance accounted for (table 4), 
more than half (27.13 percent) could be assigned to the direct effect 
of the independent variables; the remainder (18.64 percent) to the 
joint effect of the variables in pairs. Here, again, the greater part 
of the influence seems to come from the dams’ side. More than half 
(26.13 percent) of the separate determination arises from the dam, 
and the remainder is split between the dams’ sisters (5.53 percent) 
and the sires’ sisters (14.11 percent). If, however, the sires’ pheno- 
type had been measurable, somewhat more determination could 
probably be assigned to the sires’ side of the matings. Comparison 
of the direct and joint determinations supports this view. Thus most 
of the separate determination of the sires’ sisters is direct determina- 
tion (8.34 percent), whereas very little of the corresponding influence 
of the dams’ sisters is direct (0.98 percent). Most of the determina- 
tion of the dams’ sisters is held jointly with the dams. gcse rp he 
the excess direct determination shown by the sires’ sisters might really 
be a portion of the joint determination with the sires, if the sires’ 
phenotype were measurable; and this discrepancy suggests the 
existence of an appreciable but unmeasurable direct determination 
due to the sire. 

A more direct demonstration of the sires’ influence was obtained 
by analyzing the variance of the progeny of the dams mated to both 
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high- and low-line males. The existence of a significant variance in 
such a population, caused only by differences between the different 
sires, would be definite evidence that the sires influenced the firm- 
albumen percentage of eggs laid by their daughters. That such a 
result was obtained is shown in fo A 5. Ten dams were available 
for the analysis, and these had produced altogether 62 daughters by 
high-line and 65 by low-line sires. Although most of these dams were 
high-line birds, representatives of the ow and crossed lines were also 
included. The variance due to differences between high- and low-line 
sires, isolated from the variance due to differences between individual 
full-sister families, was decidedly greater than the experimental error. 
The significance of the result is made evident when the F value 
(59.55) is compared with the value of F' (6.90) which would be exceeded 
in a homogeneous population of the same number of degrees of freedom 
only once in a hundred times on the average. This result supports 
the view that the sires exert more determination than is evident in 
the multiple-correlation analysis. It also, consequently, disposes of 
- — maternal-inheritance hypothesis as inconsistent with 
the data. 


TABLE 5.—Analysis of variance of firm-albumen percentage in offspring of 10 dams 
mated to both high- and low-line sires 























q ios Degrees of | Sum of Mean Fat P 

Source of variance freedom | squares square F =0.01 
Between means of all families__.______- 19 MERIC yecnds Sembee i dwaseccleaacnee merce 
Between means of sire lines___-._-___---- 1 170. 30 170. 30 59. 55 6. 90 
Between means of dams___________------- 9 125. 51 13.95 4. 87 2. 69 
alla ia a ae ee ane 9 117. 56 13. 06 4. 57 2. 69 
Bepersmentalerror...-...-...s..65.5-<<< pA) Ea ap eee | Senne | Mee ere erat 





The variance between dams had likewise a significant F' value. 
Particularly interesting, however, was the statistically significant in- 
teraction between dams and sires (F=4.57, with 2.69 as the 1-per- 
cent value). Its source was a differential response of the progeny to 
effects of dam and sire; the families with the higher average per- 
centage of firm albumen suffered the greater differences as a result 
of the different sires. Thus, besides the direct contributions of the 
genotypes of the sire and dam to the phenotype of the progeny, there 
is an additional effect of the interaction between them. This fact 
might suggest a complementary action of some of the genes controlling 
firm-albumen percentage. 

DISCUSSION 


An attempt to postulate a complete genetic mechanism for the 
inheritance of firm-albumen percentage from the available data 
would probably not be profitable. Certain observations can, how- 
ever, be made. In the absence of clearly defined phenotypic ratios, 
no simple one- or two-gene pair complex would fit the data ade- 
quately; and multiple-gene Me Pree is the simplest alternative. 

Two criteria of the multiple-gene hypothesis are not met by the 
birds studied in the present investigation, because of excessively high 
variability among progeny of the low-dam by high-sire crosses. 
These criteria are based, however, on the assumption that the parents 
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are essentially homozygous. Although the high-h line birds were 
probably homozygous to a considerable degree (since 5 years of selec- 
tive matings failed to increase the percentage of firm albumen in 
this line—table 1), the same cannot be said of the low line. The 
fact that in the low line the firm-albumen percentage was signifi- 
cantly decreased in the final generation, together with the coefficient 
of variability of these birds as compared with the high line (table 3), 
suggests that the low-line birds were considerably more heterozygous 
in the earlier generations than were members of the high line. 

Information about the genotype of a sire is, of course, even more 
meager than that fora dam. The results of the cor relation analysis 
and the analysis of variance (tables 4 and 5) show the sires’ impor- 
tance in determining the phenotypes of the progeny but tell nothing 
about the sires’ genotypes. The tendency for progeny of reciprocal 
matings to resemble the dam’s family more closely than the sire’s 
however, probably indicates that the sires were less homozygous, on 
the aver age, than the dams. Such a situation was rather more to be 
expected than the reverse if the phenotype may be assumed to be a 
reliable measure of the genotype, since sires had to be chosen on the 
basis of the performance of their sisters, whereas dams could be 
chosen on the basis of their own phenotypes. With such departures 
from the theoretical homozygosity in the genotypes of the parental 
generations, the observed abnormal variability might result from any 
of several different combinations of parental genotypes consistent 
with the available data. The multiple-gene hypothesis, consequently, 
may not be ruled out as an explanation of the mating results. 

The failure of the low line to respond to selection for several gen- 
erations makes dominance a tempting hypothesis, and the existence 
of dominance for low percentage of firm albumen was previously 
postulated (7). If any appreciable amount of dominance existed, 
however, the F, progeny should resemble the low line more nearly 
than the high; and this result was not obtained (table 1). 

Munro’s (9) findings, which led him to conclude that percentage of 
firm albumen is not inherited to any important extent, pose an inter- 
esting question in the interpretation of statistical results. Quite 
conceivably, intensive selection was necessary to establish differences 
large enough to be statistically significant in a character, the measure- 
ment of which is, by nature, not highly accurate; and, also, the normal 
range of genotypes in an unselected population would give pheno- 
typic differences within the inherent standard error of the deter- 
mination. Whether or not this hypothesis can explain the discordant 
results of the two papers, Munro’s conclusion may bear examination 
on the basis of the theory of the use of the “null-hypotheses”’ (Fisher 
(2)). Such a hypothesis cannot be proved by a single experiment, 
but may onal be disproved; or, in other words, the fact that 
genetic differences are not found in one flock does not disprove the 
existence of such differences in other flocks. Consequently, on the 
basis of the positive evidence previously published (4, 5, 7, 10), 
together with its further confirmation here reported, one may con- 
clude that percentage of firm albumen is a heritable character. 

The behavior of the progeny of the outside males was especially 
interesting: the results suggest that additional genetic factors for 
high percentage of firm albumen, not present in the Poultry Division 
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flock, were carried by these males. In all probability, those genes 
for high firm-albumen percentage that are carried by the Poultry 
Division flock were rather quickly isolated in fairly homozygous 
form in the high line, whereas the ancestors of these birds were homo- 
zygous for one or more additional genes for low firm-albumen per- 
centage, the allels of which were carried by the introduced males. 


SUMMARY 


The heritable nature of firm-albumen percentage is confirmed, and 
some data are presented concerning the mode of inheritance of this 
egg-quality character. 

The two lines of birds established maintained an average difference 
of 11.37+0.46 percent of firm albumen. Continued selection failed 
to increase this difference until the final year of mating. Then the 
percentage of firm albumen in the low line was significantly decreased. 
Further increase in the percentage of firm albumen was accomplished 
only by bringing outside stock into the high line. Crossing the two 
lines resulted in intermediate progeny, and backcrossing these prog- 
eny produced offspring intermediate between the F, and the parental 
generations. In general the progeny resembled the dam’s line more 
closely than the sire’s. The contribution of the sire was demonstrated 
to be of substantial importance, however, by a multiple-correlation 
study and by analysis of variance of the population. The existence 
of a significant interaction between the genetic contributions of the 
sire and dam was also demonstrated. 
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THE CHEMICAL COMPOSITION AND APPARENT DIGEST- 
IBILITY OF NUTRIENTS IN CRESTED WHEATGRASS 
HARVESTED IN THREE STAGES OF MATURITY’ 


By Jerry Soroua 


Associate professor and associate animal husbandman, Washington Agricultural 
Experiment Station 


INTRODUCTION 


Crested wheatgrass (Agropyron cristatum (L.) Beauv.), a winter- 
hardy, drought-resistant, long-lived perennial bunchgrass, is being 
produced extensively, and a study of its nutritive value has much 
immediate practical significance in spite of the fact that the individual 
plants are variable in height, shape of head, character of awns, size of 
seed, number of seed- bearing shoots, habit of root growth, and leafi- 
ness. 


PLAN OF THE INVESTIGATION 


The digestibility of the nutrients in the 4- and 10-inch clippings of 
standard crested wheatgrass was determined in both the fresh and the 
dried state. Samples of the forage (fig. 1), which was 36 inches high 
at the anther-falling stage, were studied in a similar fashion, since this 
by many workers is considered to be the proper stage of maturity 
at which to cut this grass for hay. Samples were also collected every 
15 days from previously undisturbed plants to determine chemical 
changes in the plants during the period from early May to September. 


REVIEW OF LITERATURE 


Crested wheatgrass starts growth 1 to 2 weeks earlier in the spring 
than numerous other grasses, according to Love (7).2_ Its water re- 
quirement was reported by Dillman (3) to be 880+10 in one year 
and 1,0241+34 the following year. It is hardier, more drought- 
resistant, and longer-lived than slender wheatgrass, according to 
Westover and his coworkers (16). During a 15-year experiment at 
the Montana Experiment Station (10) crested wheatgrass produced 
an average yield of 1.861 pounds of hay per acre, with smooth brome 
yielding 1,776 pounds and slender wheatgrass 1,770 pounds. A 
stand of crested wheatgrass may live for 15 years, according to West- 
over (15). Itis easy to cure for hay at the anther-falling stage (15), 
the resulting forage being quite palatable to livestock. 

Kirk (6) points out that crested wheatgrass becomes dormant during 
the hot summer, reviving with fall rains and cool weather. It is 
recommended for reseeding depleted range lands in the semiarid 
districts. 

1 Received for publication January 17, 1940. Published as Scientific Paper No. 442, College of Agriculture 


and Experiment Station, State College of Washington. 
2 Italic numbers in parentheses refer to Literature Cited, p. 310. 
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Although primarily used for pasture, crested wheatgrass produces a 
good grade of hay, and on dry land, when so used, should be planted in 
rows, according to Jackman and his coworkers (5). It may be seeded 
with alfalfa to reduce weed infestation of meadows, and its presence 
reduces danger of bloat to cattle or sheep on such pasture. 


Figure 1.—Type of standard crested wheatgrass (Agropyron cristatum (L.) 
Beauv.) fed to sheep during digestion experiments. 


Crested wheatgrass was found to be very drought-resistant by 
Hopper and Nesbitt (4) in North Dakota and by Morris (8) in Colo- 
rado. Westover et al. (16, p. 13) found that in crested wheatgrass, 
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reduced to a 15-percent moisture basis, the clippings of May 10 con- 
tained 21.01 percent of crude protein and 21.16 percent of crude fiber, 
but those of August 10 contained only 9.05 percent of crude protein 
and 25.61 percent of crude fiber. 

Woodman and his coworkers (19) conducted digestion experiments 
with sheep, feeding them mixed grass clippings. In samples of grass 
from cuttings made at frequent intervals, 80 percent of the organic 
matter was digestible. This compares favorably with concentrates, 
the clippings being far superior to good-quality meadow hay. 

At the Vermont Experiment Station (9) digestion trials with dairy 
cows fed artificially dried young grass and samples of the same grass 
fresh show them to be equally digestible. On the basis of 90.17 per- 
cent dry matter, the digestible-nutrient content of the dried grass was 
64.37 and that of the green grass 63.36 percent. 

In digestion trials with sheep, Watson and Ferguson (14) fed fresh 
pasture grass and portions of the same sample dried at 200° and at 
600° C. The results indicated that drying at 200° had no depressing 
effect on the digestibility, but that dehydration at 600° had a markedly 
depressing action. Woodman, Bee, and Griffith (17) in trials with sheep 
used fresh young grass dried and pressed into cakes and found that 
steam or kiln drying did not affect digestibility, the results being the 
same as with the fresh grass. 

Digestion experiments conducted by Woodman, Blunt, and 
Stewart (1/8) with two wether sheep showed that the organic matter 
of young pasture grass from April to May was 83.6 percent digestible, 
but in July digestibility had decreased to 74.0 percent. The digesti- 
bility of crude protein varied from 85.4 percent in early season to 
76.6 percent in midseason. Early in the spring the nutritive value of 
pasture grass resembled that of concentrates rather than that of 
roughages. The percentage of calcium increased to a maximum in 
the dry season, falling off in the later stages. The phosphate per- 
oqueee showed the opposite trend, its range, however, not being as 
wide. 

CHEMICAL ANALYSES 


Samples taken every 2 weeks from previously undisturbed plants 
were measured, cut at the ground line, and then air-dried for sub- 
sequent chemical study. The official methods of analysis were 
used (2). The results, computed to the fresh and water-free bases, are 
contained in table 1. They show rather marked trends, especially 
if the September 1 sample is omitted in view of the fact that it was 
rather dry. The crude ash, fiber, and nitrogen-free extract on a per- 
centage basis seemed to increase as the season progressed, while the 
protein, decreasing rather markedly at first, remained nearly sta- 
tionary after June 30. The calcium and phosphorus showed no 
particular changes throughout the season when compared on the 
fresh basis. 

Crested wheatgrass cut May 3 and analyzed on a water-free basis 
contained 20.59 percent of protein and 21.13 percent of crude fiber. 
That cut September 1 contained only 3.22 percent of protein and 33.34 
percent of crude fiber. The contrast between the early stages of this 
grass and the more mature stages is quite marked in respect to im- 
portant nutrients, as shown in table 1. 

274517—40-—5 
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Little change in the percentages of calcium in the clippings was 
observed. Values of 0.27 and 0.32 percent were observed in May, 
after which period a value of 0.20 percent seemed to persist. Phos- 
phorus declined gradually from values of 0.26 percent in May to 0.10 
in September. 

DIGESTION EXPERIMENTS 


In the studies to be described the forage samples were fed during 
10-day digestion experiments, in each case preceded by a preliminary 
feeding period of equal length. A description of the equipment and 
methods employed have been given fully elsewhere (11). Six range 
ewe lambs, varying in weight from 40 to 50 kilograms, so that they 
could be grouped into light, medium, and heavy pairs, were selected 
for the study. The lambs were out ‘of Lincoln < Merino ewes and 
sired by Hampshire rams. The condition and maturity of the 
clippings are placed in the following five groups: 

Fresh 4-inch clippings. 

Dried 4-inch clippings. 

Fresh 10-inch clippings. 

Dried 10-inch clippings. 

Dried clippings at anther-falling stage (hay). 

The samples of feed were thoroughly mixed. The forages were fed 
at the same level of dry-matter intake, although some variation in 
the case of sole roughage feeding would not be a seriously disturbing 
factor (1). 

The composition of the forages fed to the lambs is shown in table 2 
Since a 2-inch aftermath was left in making these clippings, the 
immature plants were actually 6 and 12 inches high. The plants at 
the anther-falling stage were 36 inches tall before cutting. These 
samples should not be confused with those taken every 15 days for 
chemical studies only, since the latter series of samples was cut at the 
ground line for the purpose of studying the composition of the entire 
plant. Early in the spring before growth started, old grass was clipped 
from those areas which produced the grass for the digestion experi- 
ments. An air-circulation drier operating at a temperature of 60° C. 
was used to dry the clippings. 


oOrFWNe 


TABLE 2.—Chemical composition of fresh and dry samples of crested wheatgrass 
at different stages of development 





| Crude - I~ baz | 
Sata : | Dry | | Crude | N-free | Ether | : 
Description of sample | matier | Wx ~¥ fiber | extract | extract ’| Ash 
| 
| 
wee | Percent Percent| Percent| Percent) Percent 
05 





Fresh 4-inch clippings___..--._--_--- Sarne--oo| ome 4.43) 8.19] 15.81 0. 92 | 3. 

Dried 4-inch clippings - -- --- e | 88.87 | 13.69 | 19.83 | 43.82 3.11 8. 42 
Fresh 10-inch clippings-__-. _- .---| 36.58 3.02 | 10.27 | 19.60 . 80 2. 89 
Dried 10-inch clippings. - - - .--| 93.45 | 7.95 | 27.73 | 48.90 2. 22 6. 65 
Dried clippings at anther-falling stage oe 89. 81 | 4. 80 33. 98 | 43. 88 | 1.49 | 5. 66 





The detailed data for the 30 individual ei experiments 
which comprise this study have been omitted and averages only 
presented. 

A summary of the coefficients of apparent digestibility is contained 
in table 3. The average coefficients for each trial have been com- 
puted on the basis of six lambs, and these have been used in determin- 
ing the digestible nutrients of the forage samples under investigation. 
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The nutrients in the fresh 4-inch samples were all well digested to 
an extent similar to concentrates. When a portion of these same 
clippings was dried artificially at 60° C. and fed to the same six lambs, 
a lower digestibility of the nutrients was observed. In the case of 
dry matter the coefficients declined from 66.67 to 61.00. For protein 
the decline in digestibility was marked, being reduced from 74.33 to 
65.00. The coefficients of digestibility of fiber decreased only slightly 
from 63.50 to 60.00, and those of ether extract from 65.67 to 59.00. 
The digestibility of nitrogen-free extract was reduced from 74.50 in 
the fresh young grass to 71.67 in the dried grass. 


TABLE 3.—Coefficients of apparent digestibility of crested wheatgrass when cut at 
different stages of development and fed to ewe lambs 





Crude pro- | 

































































| 
ce . ere £7 . Sfhar| N-free | Ether 
Description of sample fed and lamb No. | Dry matter aunees) Crude Aber | exineat | extract 
i] 
| | — 
Fresh 4-inch clippings: Percent | Percent Percent Percent Percent 
122.------------------- 22-2 ----------- 66.00 | 72, OC 65. 00 74. 00 67. 00 
2.----------------------- -------- 63.00 | 78. 00 57. 00 70. 60 72. 00 
Bion ce nnnn newer ntnnenn nen ens-a-----= 67. 00 73. 00 65. 00 74. 00 66.00 
_ OE cei oe eae ae 71. 00 77. 00 68. 00 79. 00 67.00 
ee SE ee ee : nay 64. 09 71. 00 60. 00 73. 00 58. 00 
EN REAR RISE ae ns Ae 69. 00 75. 00 66. 00 77. 00 64. 00 
MOND Sicancdhcsneasdeess,cdeeccne 66. 67 74. 33 63. 50 74. 50 65. 67 
Dried 4-inch clippings: 
Tl. ho deth Rte niabesseke ks keainesan< 61.00 | 64. 00 59. 00 72.00 60. 00 
incl sekksiininianstwanckes : 63.00 | 67.00 62. 00 73. 00 62. 00 
| PS Ee RS re =f eS CA 59. 00 64. 00 58. 00 70. 00 56. 00 
A Aa ae Dag eel Dee sie 62. 00 67. 00 60. 00 72. 00 62. 00 
ae re a ees heh mee Z 62. 00 65. 00 61. 00 73. 00 55. 00 
eee rkiie ss umeantte sence cedecion 59. 00 63. 00 60. 00 70. 00 59. 00 
ND ih co Se cdetnenvcasncecne 61. 00 65. 00 60. 00 71. 67 59. 00 
Fresh 10-inch clippings: 
_ CEE ESSE Th ed Coo eee 63. 00 56. 00 64. 00 72.00 50. 00 
aie alae nahiaaiahiind not +x ree are 69. 00 62. 00 71. 00 77. 00 51. 00 
eee exokis éie 67.00 61. 00 69. 00 75. 00 52. 00 
SES CEE ra eer 67.00 59. 00 67.00 75. 00 55. 00 
i asda itn ates ice ese iad wt ed eres 66. 00 60. 00 67. 00 74. 00 52. 00 
_ EOE PNG een TE eR Oe ele ee lee mae 68. 00 60. 00 69. 00 76. 00 58. 00 
CT ee Rr ae Seana wea 66. 67 59. 67 67, 83 74. 83 53.00 
Dried 10-inch clippings: 
PEt oiitntarknect<chenknecse an abut eave 61. 00 47. 00 65. 00 68. 00 56. 00 
Se Card ienddiieg Sou nespatancen ace 67. 00 53. 00 75. 00 73. 00 60. 00 
Peek Se kiwk nia d nema neon gmh nis 61. 00 45. 00 66. 00 69. 00 54. 00 
Bseeen Sickie Debi gna Sea hape cere: cuwne 65. 00 49. 00 70. 00 72. 00 59. 00 
reset cpt pccetsdeuse = 62. 00 50. 00 67. 00 70. 00 56. 00 
Cad obndnteceuvenencuuen 62. 00 44.00 68. 00 70. 00 57.00 
a _ SSSEES SES nce eer eee seen Se 63. 00 48. 00 68. 50 70. 33 57.00 
Dried clippings at anther-falling stage: 
Bethe yacieice pena tnonpaine cere wesese 49. 0U 34. 00 53. 00 54. 00 16. 00 
a ear Mate dhs needs oni esa mrninaem weno 44.00 34. 00 48. 00 50. 00 8.00 
Ee Swotnkeneseecawen ew 46. 00 36. 00 49. 00 52. 00 12.00 
ied nicicey Drath dies Drang Aer ehimietns tion hak noes 48. 00 32. 00 50. 00 54. 00 24. 00 
Bice Sait awtongalacisect oadttinn-wawepenies 49. 00 40. 00 52. 00 54. 00 30. 00 
NR Rk ey Ot LEER aaa 51.00 42. 00 53.00 | 56. 00 32. 00 
ON hice on wccvece cam eeeacere | 47. 83 36. 33 50. 83 | 53. 33 20. 33 
| 











The decrease in digestibility as a result of drying is not so marked 
in the more mature grass taken at a 10-inch height as at the 4-inch 
height. With the exception of the protein coefficient, the other con- 
stituents showed no significant differences in digestibility of the fresh 
and dry clippings. 
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The nutrients of the 4-inch clippings were found to be better digested 
than those in plants 10 inches high. 

The digestion coefficients of the nutrients in the sample harvested 
at the anther-falling stage are strikingly lower than those of the nutri- 
ents in the younger grass with the exception of nitrogen-free extract. 
A value of 36.33 for the protein in the older grass as compared with 
74.33 for the protein in the young fresh grass is an example. 

In the study of immature stages, height measurements were used as 
a measure of maturity. Such a procedure is open to criticism in that 
height alone is not a safe index of plant maturity in grasses. During 
periods of drought a grass 4 inches tall may be more mature from a 
vegetative standpoint than one twice that height during more favorable 
seasons. The dry-matter content of the immature grasses may also 
be used as an index of maturity. 

The digestible nutrients based on average coefficients in table 3 are 
summarized in table 4. 


TABLE 4.—Digestible nutrients in the fresh and dry forage clippings of crested 
wheatgrass harvested at different stages of development 



































Digestible nutrients 
Total | 
A Total 
Description of sample dry A A 
| matter} Dry Bee snd Crude | N-free | Ether bs ag —— 
matter (NX6.25) fiber | extract | extract putri- | ratio 
ents |1lto— 
: ae Percent | Percent} Percent | Percent | Percent | Percent | Percent 
Fresh 4-inch clippings Se RLaP EN aed 32.40 | 21.60 3. 29 5. 20 11.78 0.60 | 21.62 5. 57 
Dried 4-inch clippings. ------.--..- 88.87 | 54.21 8.90 | 11.90} 31.42 1.83 | 56.34 5. 33 
Fresh 10-inch clippings. ---.----..- 36.58 | 24.40 1.80 6.96 | 14.66 -42 | 24.36 12. 53 
Dried 10-inch clippings. _-_- ---| 93.45 | 658.87 3.82 | 19.00 | 34.38 1.26 | 60.04 14, 72 
Dried clippings at anther-falling 
DNs dctiiddhoscnccatepsnamspinn 89. 81 42. 96 1.74 17. 27 23. 40 . 30 43. 08 23. 76 
| 





The 4-inch clippings with a moisture content of 67.60 percent con- 
tained 3.29 percent of digestible protein and 21.62 percent of total 
digestible nutrients. By drying the grass to a moisture content of 
11.13 percent, the digestible protein was increased to 8.90 percent and 
the total digestible nutrients to 56.34 percent. This percentage of 
digestible protein is equal to that of irrigated alfalfa hay, and the 
total digestible nutrients are 16 percent higher than those found by the 
author (12) in good alfalfa hay. 

The 10-inch clippings with a moisture content of 63.42 percent con- 
tained 1.80 percent of digestible protein and 24.36 percent of total 
digestible nutrients. When the moisture was reduced to 6.55 percent, 
the dried clippings contained 3.82 percent of protein and 60.04 per- 
cent of total digestible nutrients. Although low in digestible protein, 
the total digestible nutrient value of this dry forage is identical with 
that found in light-weight oats. 

The anther-falling stage of crested wheatgrass, considered by many 
to be the ideal hay stage, produced forage having a moisture content 
of 10.19 percent, 1.74 percent of digestible protein, and 43.08 percent 
of total digestible nutrients. Thus the digestible nutrients were found 
to be equal to the digestible nutrients in the milk stage of Albit wheat 
hay (13). The grass hay was lower in protein than Albit wheat hay. 
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If the composition of the fresh clippings at the 4- and 10-inch heights 
and at the anther-falling stage is computed on a water-free basis, and 
the digestible nutrients compared, the actual changes which have taken 
place in the dry matter as the plate matured may be observed. Table 
5 contains the data. 


TaBLE 5.—Digestible nutrients in the dry matter of crested wheatgrass harvested at 
different stages of development 





. | Total | Nutri- 
Crude . low ~ | as : 
er | : Crude | N-free Ether | digest- tive 
Description of sample | protein | ‘fiber | extract | extract | ible ratio 
(NX6.28) | nutrients | 1 to — 





| | | | ] 

| Percent | Percent | Percent | Percent | Percent | 

Fresh 4-inch clippings ea 10.15 | 16.05 | 36.36 | 1.85 | 66.73 | 

Fresh 10-inch clippings__---- } 4.93 | 19.05] 40.09 | 1. 16 | 66. 68 | 

Dry 36-inch clippings at anther-falling stage ____| 1,94 | 19.23 | 26.06 . 34 | 48. 00 
| 


| | 


toon 
sioror 
on Go 


ne 


When the plants were 4 inches high, the dry matter of crested wheat- 
grass was comparable in digestible nutrients to that of alfalfa leaves 
(12). At the 10-inch stage the percent of digestible nutrients was as 
high as at the 4-inch stage, but the relationship of the nutrients was 
different. For instance, the digestible protein decreased from 10.15 
to 4.93 percent, and the nitrogen-free extract increased from 36.36 to 
40.09 percent. Although the dry matter at the more mature stage 
was as digestible, it contained more carbohydrates. At the anther- 
falling stage this forage contained as high a percentage of digestible 
nutrients as Markton oat hay cut at the dough stage (13) but only 
37 percent as much digestible protein. 


SUMMARY 


The dry matter of crested wheatgrass contained 20.59 percent of 
crude protein in early May, but by September the percentage had 
decreased to 3.22. Crude fiber and nitrogen-free extract tended to 
increase as the season advanced. The percentage of phosphorus de- 
creased gradually from May to September, while calcium declined 
rapidly in May but remained constant at about 0.20 percent the re- 
mainder of the season. In the immature stages crested wheatgrass is 
an excellent forage but loses much of its nutritive value as it matures. 

The protein of the fresh 4-inch clippings was 74.33 percent digestible, 
whereas in fresh 10-inch clippings its digestibility was only 59.67 
percent. 

The digestibility of all the nutrients except nitrogen-free extract 
was decreased by the drying process in the 4-inch clippings, but was 
little influenced by the drying process in the 10-inch clippings. 
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FACTORS INFLUENCING THE CARBON METABOLISM 
OF THE CROWN GALL ORGANISM ' 


By F. C. McIntire, research assistant in plant pathology and biochemistry; W. H. 
PETERSON, professor of biochemistry; and A. J. R1xmR, professor of plant pathol- 
ogy, Wisconsin Agricultural Experiment Station 


INTRODUCTION 


The large amount of unknown metabolic products and the varia- 
bility of their appearance seem important for understanding the 
activity of the crown gall bacteria, Phytomonas tumefaciens (Smith 
and Town.) Bergey et al. For example, Conner et al? found that 
on a carbon basis about 2 percent of the fermented sugar went to 
carbon dioxide, 11 to 18 percent became gum and bacterial cells, 
while 80 to 87 percent became unidentified products. The amount 
of this unknown material has been found to vary enormously depend- 
ing on the constituents of the medium and the conditions of fermen- 
tation. 

If the nature of these unknown products were to be studied it 
obviously would be necessary first to determine (1) the important 
factors responsible for the variation in their occurrence, (2) the 
optimum conditions for their production, and thus (3) the experi- 
mental means for producing similar results in successive trials. Such 
studies are reported in the following pages. 


EXPERIMENTAL WORK 
CULTURE AND MEDIUM 


The culture, Phytomonas tumefaciens A-6, was the progeny of a 
single cell.* Stock cultures were carried on yeast-water-mannitol- 
mineral-salts agar held at pH 7 with phosphate buffer. Pathoge- 
nicity of the culture was usted at intervals during the investigation 
by inoculation of tomato plants, and its purity after fermentation 
was checked by plating. 

A synthetic medium developed by J. M. Lanen, I. L. Baldwin, 
and A. J. Riker was used. This medium had the following composi- 
tion: Sucrose, 20 gm.; glutamic acid, 2.5 gm.; ammonium sulfate, 7 
gm.; salt mixture (2 gm. MgSO,.7H.O, 2 gm. K,HPQO,, 2 gm. NaCl, 
1 gm. CaCl,), 0.58 gm.; 20-percent phosphate buffer pH 7, 50 cc.; 
distilled water to make 1 liter. In making up the medium the am- 
monium sulfate, glutamic acid, and salt mixture were dissolved and 
the solution neutralized with sodium hydroxide. This solution, the 
' 1 Received for publication December 4, 1929. This work has received support through grants from the 
International Cancer Research Foundation and from the special research fund of the University of Wiscon- 
sin. Aid was received from the University of Wisconsin Work Projects Administration Natural Science 
Research project. 

? CONNER, H. A., RIKER, A. J., and PETERSON, W. H. THE CARBON METABOLISM OF THE CROWN-GALL 
AND HAIRY-ROOT ORGANISMS. Jour. Bact. 34: 221-236, illus. 1937, 

3 Riker, A. J., BANFIELD, W. M., WricHT, W. H., Kertt, G. W., and SaGreNn, H. E. stTuptEs ON IN- 
FECTIOUS HATRY-KOOT OF NURSERY APPLE TREES. Jour. Agr. Res. 41: 507-540, illus. 1930. 


Wricut, W. H., HENDRICKSON, A. A., and RIKER, A. J. STUDIES ON THE PROGENY OF SINGLE-CELL 
ISOLATIONS FROM THE HAIRY-ROOT AND CROWN-GALL ORGANISMS, Jour. Agr. Res. 41: 541-547, illus. 1930. 
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phosphate buffer and the sugar in solution were sterilized separately, 
and then combined. 

A satisfactory parent culture was a shallow liquid culture between 
18 and 36 hours old, not mechanically aerated. Uniformity in trans- 
fer was assured by using equal quantities of this liquid. 

All fermentations were run at 26 (+0.5)° C. 

Results here reported were chosen as representative from at least 
three separate experiments. 


AERATION METHODS 


Three methods of mechanical aeration were employed. (1) A 
stream of sterile air was passed through Jena gas-distribution tubes 
(No. 33cG.4) at the bottom of 3-liter cultures in 4-liter pyrex serum 
jars. The gas-distribution tubes broke the stream of air into very 
small bubbles which arose through the culture medium with a stirring 
as well as an aerating effect. The air was sterilized by passage through 
a sterile cotton filter. Flowmeters were used to measure the flow of 
air through each culture. Air was passed through replicate cultures 
at the same rate, approximately 0.016 cubic feet per minute. (2) 
Method No. 1 was carried out under pressures greater than atmos- 
pheric pressure. This was accomplished by passing the air leaving 
each culture through a column of mercury 450 mm. high. (3) Shallow 
liquid cultures were agitated in a mechanical shaker, and cotton plugs 
were replaced by two layers of six-ply oil-treated air-filter tissue to 
provide more uniform aeration. 


ANALYTICAL METHODS 


The amount of sugar before and after fermentation was determined, 
after inversion, by the method of Stiles, Peterson, and Fred.‘ 

Total carbon in each culture was determined by the wet-combus- 
tion method of Heck.’ Since carbon dioxide was the only appreciable 
volatile metabolic product, as shown by Conner et al.° and confirmed 
by the writers, the amount of carbon dioxide produced was deter- 
mined by difference between the total carbon in the culture at the 
beginning and at the end of the fermentation. 

The gum and cells in an aliquot of culture were precipitated by the 
addition of four volumes of 95-percent alcohol. After several hours 
the insoluble material was concentrated in a centrifuge, washed three 
times with 80-percent alcohol, and dried in a vacuum desiccator. 
The dry gum and cells were washed quantitatively from the cen- 
trifuge tube and analyzed for carbon by the wet-combustion method. 

The amount of fermented sugar accounted for by the known and 
unknown metabolites is expressed on a carbon basis. In an aerobic 
fermentation oxygen from the atmosphere is used and is considered 
as part of the substrate. The quantity of oxygen utilized is of course 
unknown, but by expressing sugar consumed and products formed on a 
carbon basis, the effect of the oxygen can be eliminated and an 
accurate balance can be obtained. 


‘StTiLes, H. R., PETERSON, W. H., and Frep, E. B. A RAPID METHOD FOR THE DETERMINATION OF 
SUGAR IN BACTERIAL CULTURES. Jour. Bact. 12: 427-439. 1926. 

5 HECK, A. FLOYD. A METHOD FOR THE DETERMINATION OF TOTAL CARBON AND 
TION OF CARBON DIOXIDE EVOLVED FROM SOILS. Soil Science 28: 225-234, illus. 1929. 

® CONNER, RIKER, and PETERSON. See footnote 2. 
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FACTORS INFLUENCING THE RATE OF SUGAR FERMENTATION 


The effects of aeration, amount of sugar present, size of inoculum, 
and addition of plant extracts on sugar fermentation are considered 
in order. 

Comparisons were made between cultures treated (1) with no aera- 
tion, (2) with a stream of air, and (3) with a stream of air under 
pressure. The results are given in table 1. Likewise comparisons 
were made between shallow cultures shaken and unshaken, and 
between shaken cultures having different depths. These results are 
shown in table 2. In both cases with greater aeration more sugar 
was fermented. 


TABLE 1.—Effect of aeration on the fermentation of sugar ! 


Sugar fermented per 


| 100 ce. 
srati | Depth of rae 

Aeration liquid | URTSNC MNOS 2 Se Ss ee. 

| Range Average 

Inches | Number Grams Grams 
LE eR eee eee = 1 3 | 0. 20-0. 25 0. 22 
aroma OF GNP. 22 oo. =. ance 6 4 .44- .67 58 
Stream of air under pressure ?___- % 6 3 | 1.00-1.16 1.07 


1 All cultures were allowed to ferment 4 days. 
2450 mm. of mercury added pressure. 


TABLE 2.—Effect of shaking and depth of liquid layer on fermentation of sugar ! 


| Sugar fermented per 100 ec. in— 


Aeration oe | Replicate | 
a Average 
No. 1 No. 2 
| Inches | Grams Grams | Grams 
None.......- : = ae ‘ preety 14] 0. 26 0. 22 | 0. 24 
Mechanical shaking-.- oe --| 16 1.08 | 1.04 | 1. 06 
Dy eleaee sak Se Sea aaa eae | \4| 1.42 | 1.38 | 1.40 


1 These cultures were in 500-cc. Erlenmeyer flasks. 


In certain cases the amount of sugar fermented was affected by the 
concentration of sugar in the medium. In cultures aerated with a 
stream of air more sugar was fermented in a medium with 2 percent 
of sugar than in a medium with 1 percent of sugar as shown by table 
3. When cultures were aerated by shaking, this effect was not ob- 
tained. In cultures containing 1, 2, and 3 percent of sugar, the 
average amounts fermented in 4 days were 0.74, 0.71, and 0.72 gm. 
per 100 cc., respectively (not shown in tables). 
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iol of sugar concentration on fermentation of sugar ! 




















Sugar fermented per 
ae . J Days 100 ce. 
Original sugar concentration Replicates fermented 
| | Range | Average 
a Pat ae 

Number | Number Grams | Grams 
4 | 0.58-0.65 0. 62 
| | 4 74- .81 | 77 
| 10 97- .99 98 
4 . 73-1. 08 . 86 
ESS Sat A Dee ee ie Ree Oem | 4 7| .97-1.34 1,16 
| 10 | 1.40-1. 60 1,48 











1 These cultures received a 2-percent inoculum all from the same source and were aerated under an added 
pressure of 450 mm. of mercury. 


To a certain extent the amount of sugar fermented was increased 
by an increase in size of inoculum. A 5-percent inoculum usually 
gave the maximum sugar fermentation, but this effect was not always 
dependable. With cultures aerated by shaking, a 1-percent inoculum 
proved inferior to a 5-percent inoculum in about 75 percent of the 
cases (not shown in tables). Use of the larger inoculum increased the 
amount of sugar fermented by an average of about 20 percent. 

Although the fermentation was fairly rapid in the aerated synthetic 
medium, it could be increased by the addition of certain plant extracts 
(table 4). Tomato, carrot, and yeast extracts were tried, but doubtless 
other extracts would also stimulated the growth. This suggests that 
the organism cannot synthesize its own growth factors rapidly enough 
for optimum growth under the conditions described. 


TABLE 4.—Effect of plant extracts on fermentation of sugar ! 
P F yy Sul 


7 
| . 

| Sugar fe ¢ ete 
| Dry tissue | ugar fermented per 100 cc. in 














| represented |-——— — 
Tissue extracted | Banya Replicate 
| of medium |— Average 
No.1 | No.2 
| 

Grams Grams Grams | Grams 
Carrot ? ie A kaka eae bo tek Kenekad scene at 0. 78 2.05 2. 22 | 2.14 
USS eS eee | . 58 2.16 2.39 | 2. 28 
GL eee fA eR Ee .40 1. 96 | 1.92 | 1.94 
a cha Sn cl os cam bee okt vndmion 1.01 1.05 | 1.03 





1 These cultures had a liquid depth of 1% inch, were aerated by shaking in 500-cc. Erlenmeyer fein. and 
received a 5-percent inoculum. 


*In cultures containing tomato and carrot extracts there was more than 2 percent of sugar since some 
sugar was present in the extracts. 


UNIFORMITY AMONG REPLICATE CULTURES 


Table 1 shows that replicate cultures aerated by a stream of air 
varied considerably in the amount of sugar fermented. Better agree- 
ment could be obtained (1) by letting the cultures ferment 10 days 
instead of 4, (2) by increasing the size of inoculum to 5 percent or 
more, and (3) by aeration under added pressure. However, the 
variability was reduced to an acceptable degree only when the cul- 
tures were aerated by shaking. This is shown by a comparison of 
the variation among replicates in tables 1 and 2. 
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The difference in uniformity of fermentation obtained with the two 
types of aeration might be explained on a basis of uniformity of aera- 
tion conditions. Cultures in flasks of uniform size and shape, agitated 
simultaneously in the same shaker, and covered with the same thick- 
ness of air-filter fabric were probably aerated more uniformly than 
cultures aerated by a stream of air passed through a gas-distribution 
tube. Air was passed through replicate cultures at approximately 
the same rate, but the dispersion of air by different gas-distribution 
tubes was not uniform. 


DISTRIBUTION OF METABOLIC PRODUCTS 


Cultures aerated by a stream of air showed variability in distribu- 
tion of metabolic products as well as in the amount of sugar fermented. 
The amount of carbon in gum and cells was fairly uniform among 
replicates, but the amount of carbon in carbon dioxide and unidentified 
products was extremely variable. Carbon of carbon dioxide accounted 
for 90 percent of the fermented sugar in one culture and only 40 
percent in a replicate. Since the percentage of fermented sugar 
accounted for as gum and cells remained fairly constant, a variation 
in the-amount of carbon dioxide produced would mean an inverse 
variation in the amount of unidentified products. This irregularity, 
too, was partly eliminated by aerating under pressure, increasing the 
size of inoculum, and extending the fermentation period. But again 
satisfactory uniformity among replicate cultures was obtained only 
when the cultures were aerated by shaking, as shown by table 5. 


TaBLE 5.—Effect of aeration by shaking, pressure aeration, sugar concentration in 
the medium, and length of fermentation on distribution of metabolic products 





Carbon in fermented sugar— 





| ene er. 


Sugar | 


| 

































































ae sate ;, \fermented| Accounted for as— | 
Conditions Replicate No. per | Not ae- 
| 100 ce Carb Celt , | counted 
Yarbon ells anc mm | for 
| dioxide | gum Total | ‘ 

ae ences | | ——--- 

Grams | Percent | Percent | Percent | Percent 

(epee en aS 0. 52 46 | 33. 0 79.0 | 21. ( 
eee: . 54 44.3 | 26. 4 70.7 | 29.3 
Liquid 1 inch deep in 9-liter serum |}3_--.--------- . 52 46.6 | 28.0 74.6 | 25.4 
jar aerated by shaking 4 days. Der aici a akan | - 59 41, | 22.3 63. 4 | 36. 6 
Average......| 0.54 44.5| 27.4 71.9 | 28.1 
SEE) eee 0.96 61.8 16.5 7%.3| 21.7 
: Deir saat Lahde ie -92 65.7 15.0 80.7 19.3 
Liquid 1 inch deep in 9-liter serum |}3_-...--...--- - 93 66. 2 | 14,2 80.4 19.6 
jar aerated by shaking 10 days. ee ee 94 65.2 | 14.7 79.9 | 20.1 
Average _._- 0.94 64.7| 15.1 79.8 | 20.2 
Pi 0. 58 25. 2 31.0 56. 2 43.8 
. RS ee 65 43.0 25. 5 68.5 31.5 
rome =e | eee peta ae - 61 57.2 29.1 86.3 | 13.7 
1 percent of sugar aerated 4 days '_..|)4-~--7--7 7 * 65 71,9 30.7 101.9 | -19 
0.62 49.2| 29.1 78.3 | 21.7 
0.99 86. 0 15.7 101.7 | -1.7 
. 2... 38 80. 3 20.2 100.5 | —.5 
. se = 81.5 22. 2 103.7 | —3.7 
1 percent of sugar aerated 10 days !__| 97 78.0 | 17.1 95.1 | 4.9 
O08} 8L8]. 128 100.3} —0.3 











See footnotes at end of table. 
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TABLE 5.—Effect of aeration by shaking, pressure aeration, sugar concentration in 
the medium, and length of fermentation on distribution of metabolic products—Con. 





| Carbon in fermented sugar— 


| Sugar 


ae PASSE -, |fermented| Accounted for as— 
Conditions | Replicate No. | per Ppt Wei ay SET Ste ia Ti - NE re, 
| | 100cc. | counted 
| Carbon | Cellsand Total | for 
dioxide gum | 





Grams | Percent | Percent | Percent | Percent 

















fi. | 1.08 | 54.7 18.6 73.3 | 26.7 

2 | . 84 | 85.0 21.8} 106.8 | —6,8 

: ; ete eee 2 80 | 60.5 20.4 | 80.9 19.1 
2 percent of sugar acrated 4 days !__.|)4-~ 73 47.2 19.7 | 66.9 33. | 
Average 0. 86 61.9 20. 1 82.0 18.0 

1 1. 50 75.3 | 12.4 87.7 | 12.3 

\}2 1. 60 | 77.3 12.3 89.6 | 10, 4 

Bee Ee eS ae 1, 43 | 72.0 13.4 85.4 | 14.6 
2 percent of sugar acrated 10 days! 4 1.40 | 62.5 13.5 76,0 | 4.0 
Average 1. 48 71.8 12.9 84.7 15.3 








1 Cultures were aerated with a stream of air under 450 mm. of mercury added pressure. The inoculum 
was 1.7 percent. There were three liters of culture in 4-liter serum jars. 


RATIO OF PRODUCTS 


On a carbon basis, carbon dioxide usually accounted for 45 to 80 
percent of the fermented sugar, while gum and cells accounted for 
about 15 to 30 percent. The percentage of fermented sugar unac- 
counted for averaged from almost none to 28 percent. In a few cases 
where cultures were aerated with a stream of air the yield of carbon 
dioxide was low and unaccounted-for sugar was as much as 50 percent. 
Such fermentations were not reproduced easily. In some instances a 
little more than 100 percent of the fermented sugar was accounted for 
by carbon dioxide, gum, and cells. This excess probably came from 
glutamic acid, since the calculations did not consider its utilization. 
Of course, all figures may be too low for this same reason 

The percentage of fermented sugar accounted for by carbon in gum 
and cells was found to decrease with age of culture, while the percent- 
age of fermented sugar accounted for by carbon dioxide increased with 
age of culture. The amount of unfermented sugar in the medium 
seemed to affect the amount of carbon dioxide produced. As a rule 
the percentage of fermented sugar accounted for as carbon dioxide was 
lower where the unfermented sugar was more abundant. 

From the available data on the distribution of metabolic products it 
appeared that a great part of the unidentified products might be 
transformed readily to carbon dioxide. The presence of a considerable 
amount of unfermented sugar seemed to have a sparing action on the 
unidentified material and it accumulated to a certain extent. When 
the amount of unfermented sugar was low, very little unidentified 
material was found. These points are illustrated by table 5. 
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SUMMARY 





















Conditions were established whereby crown gall bacteria could be 
grown rapidly in a synthetic medium with only ‘small variation in the 
products from carbon metabolism. 

The rate of growth and sugar fermentation of the organism was con- 
siderably increased by aeration of the medium. The fermentation 
was further stimulated by the addition of plant extracts. The size of 
inoculum, the amount of aeration and, where cultures were aerated 
with a stream of air, the amount of sugar in the medium influenced the 
amount of sugar fermented. 

The uniformity among replicate cultures with respect to sugar fer- 
mented and to distribution of metabolic products was influenced by the 
size of inoculum, length of fermentation period, and type of aeration. 
Aeration seemed to be the most important factor. Consistently repro- 
ducible fermentations were obtained when the cultures received a 
5-percent inoculum of 24-hour liquid culture and were aerated by 
shaking. 

The ratio of shatiedles products was related to the concentration of 
unfermented sugar in the medium. When the concentration of un- 
fermented sugar was high, the ratio of carbon dioxide to unidentified 
products was low and when the concentration of unfermented sugar 
was low, the ratio of carbon dioxide to unidentified products was high. 
This ratio increased with age of culture. i 
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